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Abstract

The purpose of this study was to determine if informal reasoning skills associated with
socioscientific issues (SSI) transferred to controversial issues in a social studies context. The
principal researcher developed three controversial issues derived from social studies education to
create social studies context issues (SSCI). This acronym has been termed by the principal
researcher, as controversial issues in social studies have not been evaluated beyond the social
studies classroom. Twenty-one, fifth grade students participated in this three-month study, which
featured three specific SSI units (A Need for Speed? – speed limit reduction, Roller Coaster Ban
– preventing injuries to children, “Mined” over Matter – mining rare earth elements).
Participants filled out pre and post student questionnaires for each SSI unit resulting in six SSI
questionnaires for each individual. Students also answered three SSCI questionnaires after
reading two or three short articles in either their language arts or social studies classroom. This
resulted in nine questionnaires for each participant that were qualitatively analyzed by the
principal researcher. Results from this study indicate that some informal reasoning skills
associated with SSI transferred to a social studies context. The findings of this study have
important theoretical implications for elementary education. It confirms SSI can and should be
implemented at the elementary level. It provides evidence that skills associated with SSI go
beyond the science classroom and can affect learners on a deeper level. Finally, it adds to the
growing body of literature regarding SSI and advocates for its inclusion at all levels of
elementary school.
vii

Chapter One: The Problem

Introduction
“The function of education…is to teach one to think intensively and to think critically.
…Intelligence plus character - that is the goal of true education” (King Jr., 1947). Though more
than five decades have passed since his death, Martin Luther King Jr.’s ideas concerning
education remain as vital and timely as ever, and particularly so in the area of primary science
education. The acquisition and subsequent development of critical analysis, reasoning skills, and
virtuous character are essential to an individual’s ability to flourish in an ever-changing global
society.
Research on students' conceptions of scientific topics has convincingly demonstrated that
those exposed to a traditional science teaching approach, that which places the educational focus
on laws, definitions and procedures, Roberts (2007) definition for scientific literacy Vision I,
often end up with a poor understanding of scientific concepts (Herman, 2018; van Driel,
Beijaard, & Verloop, 2001). Instruction utilizing this form generally leads to underdeveloped
logical-thought processes, which results in learning outcomes that are insufficient and fail to
develop higher order thinking skills (Karpov, 2005). This has led educators, instructors, and
researchers to conclude that science education in its traditional structure is outdated, and it does
not properly or consistently prepare individuals to engage in complex, open-ended societal issues
in an ever-changing, technologically driven society (Bencze & Hodson, 1999; National Research
Council, 2012; van Driel et al., 2001; Yerrick, Parke, & Nugent, 1997).
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In order to address the shortcomings of traditional science education programs and
empower students with the skills necessary to survive, function and thrive in tomorrow’s world,
educators need to adopt progressive instructional practices that promote critical awareness and
tailor them towards younger learners to take advantage of emerging skill sets and provide a
greater developmental window of time to enhance an individual’s abilities. One particular
problem with the current structure of science education is the transference of information from
teacher to student. This linear passage of knowledge limits the potential of learners by stifling
cooperative discussions amongst classmates and restricts the knowledge base to that of the
instructor. Science, by its very nature, is a complex field comprised of discipline-specific content
areas (e.g., biology, chemistry, physics, geology, etc.) and these components are often taught
independently of one another. However, these subjects are interdependent and collaboration
amongst them frequently results in the formation of novel insights, social benefits and the
generation of new theories and ideas (National Research Council (U.S.), 2000). It only makes
sense for the structure of science education to mirror the real world application of these
transdisciplinary fields (National Research Council, 2012), where students act as the individual
specific content areas (e.g., biology, chemistry, etc.) and the knowledge each possesses and
shares through discourse builds the collective, cooperative understanding of the community (i.e.,
the class as a whole).
Mercer, Wegerif, and Dawes (1999) observed the presence of exploratory talk in children
(i.e., between 5 and 12 years old) which led to engaged critical discussions and the generation of
alternative claims and cognitive gains.
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Further research by Mercer, Dawes, Wegerif, and Sams (2004) concluded that students
participating in social interactions during science instruction had a better understanding of
scientific concepts and when provided examples of using language to engage in social discourse
demonstrated better ways of reasoning collectively and independently.
Therefore, the development of substantive, primary instructional methods and strategies
must be, in part, predicated on the development of students’ conceptual understanding, the
mastery of higher order thinking skills, the advancement of discourse proficiencies and the
synthesis of these abilities outside of school curricula. Methods for science classrooms should be
pliable, so that learning takes place through discoveries that result from investigations that are
predominately student-led and require significant social interaction.
In recent years, the international science education community has deemed
Socioscientific Issues (SSI) a laudable, credible educational framework worthy of inclusion in
science education (Kolstø, 2006; Presley, et al., 2013; Sadler, 2011; Zeidler, 2014; Zeidler &
Keefer, 2003; Zeidler & Nichols, 2009). SSI are science-based, complex, open-ended, often
contentious dilemmas, where valid, yet opposing, arguments can be formed from multiple
perspectives and allow students to utilize informal reasoning to gain insights on the natural world
and bring clarity to controversial quandaries they will ultimately face (Sadler, 2004a; Zeidler,
2014). Several science educators have argued, in particular, for the inclusion of SSI in science
classrooms, citing their central role in the development of a responsible citizenry capable of
applying scientific knowledge and habits of mind (Driver, Newton, & Osborne, 2000; Kolstø,
2001b; Sadler, 2004b; Zeidler, 1984). The premise behind their advocacy stems from the belief
that the science-technology-society (STS) movement, which has sought to educate students on
the interdependence of these three domains since the early 1980s, fails to consider the affective
3

domain progression of children (i.e., the development of character and virtue) and does not align
with current developmental or sociological frameworks (Driver et al., 2000; Kolstø, 2001a;
Sadler, 2004b; Yager, 1996; Zeidler, Sadler, Simmons, & Howes, 2005). SSI are ideal candidates
to address the shortcomings of the STS model by incorporating controversial, science-based
issues into the science curriculum that foster moral development. By exposing students to these
issues and allowing them to engage in discourse and debate, SSI contribute to emotional and
epistemological development, while promoting practical and purposeful scientific literacy
(Zeidler et al., 2005).
Socioscientific issues, by nature, are grounded in disciplines that extend far beyond
science (e.g. social studies, civics, math, etc.). As such, the incorporation of SSI into primary and
secondary science curricula has expanded steadily throughout the last two decades, primarily
based on the claim that SSI are effective promoters of the advancement of functional scientific
literacy - a theoretical framework based on the moral (e.g. conscience and character) and
cognitive (e.g. reflective judgement) development of individuals through discourse of
sociocultural issues (Zeidler & Nichols, 2009). This type of functional literacy encompasses the
evaluation of moral and ethical factors when making decisions assessing the validity of scientific
data when evaluating societal problems (Zeidler, 2014). Research has shown that SSI provide the
developmental conditions necessary to affect students' reasoning and ultimately shape
epistemological belief systems. However, studies regarding SSI at the elementary level (i.e., 5th
grade and below) remain scant and underdeveloped in terms of empirical research regarding
informal reasoning skills.
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It can be asserted that the use of SSI instills in students the type of reasoning that is habitual in
nature, meaning that students will naturally employ it to make rational and sound judgments
about controversial issues in any given social context (Yang & Tsai, 2010; Zeidler & Nichols,
2009; Zeidler, Sadler, Applebaum, & Callahan, 2009), however, there is currently little or no
empirical data (at any level of instruction) to substantiate this claim.
In the Handbook of Research on Science Education, Volume II, Roberts & Bybee (2014)
pinpoint two ‘visions' for conceptions of scientific literacy: Vision I and Vision II. They assert
that a Vision I approach to scientific literacy is delineated by content-driven, de-contextualized
science knowledge focusing on definitions, laws, and scientific procedures (Roberts & Bybee,
2014). Conversely, Vision II is a contextually driven, student-centered method that utilizes
discourse to make scientific issues more personal to individuals by establishing connections to
other subject disciplines and real-world events with the goal of promoting a greater public
understanding of science (Roberts & Bybee, 2014; Zeidler & Kahn, 2014). As such, this paper's
perspective aligns with scientific literacy Vision II, in that scientifically literate individuals
should be able to address, arbitrate and resolve everyday dealings that involve science using
moral reasoning and discourse (Sadler, 2011; Zeidler, 2014). Adopting this perspective
prioritizes science for everyone, and not simply for those who practice or will practice science
professionally (Sadler, 2011).
A key component to the realization of Vision II scientific literacy lies in the incorporation
of discourse into the science curriculum. Whether through written or spoken language, discourse
is a social interaction between two or more individuals through which ideas, feelings, concepts,
etcetera are exchanged through communicative speech (Vygotsky, 1994). Lev Vygotsky, perhaps
best known for his zone of proximal development (ZPD) theory, viewed quality instruction as
5

one that stayed ahead of development and lead from the front (Karpov, 2003). According to
Vygotsky’s theory, the ZPD is an area predicated by social interactions (e.g. discourse, debate,
questioning) in that communication and assistance from adults and peers will allow individuals
to accomplish tasks that would be unattainable on their own (Ormrod, 2008). The incorporation
of discourse amongst peers and teachers within the science classroom promotes what Vygotsky
called “formal-logical thought” where students are no longer practitioners of general science,
rather they begin to develop their own ideas about concepts and issues and develop theories to
explain these phenomena (Karpov, 2003). The formation of formal-logical thought is crucial to
the psychological development of an individual as it ultimately leads to the period of
adolescence, where students develop self-analysis and become more aware of their place in
society and issues that may affect their position moving forward (Karpov, 2003). Socioscientific
issues provide students with the opportunity to engage in discourse, which can promote scientific
literacy, Vision II, by furthering the development of formal-logical thought and encouraging
cooperation amongst students, thus allowing them to navigate issues that are beyond any one
individual’s capabilities. Additionally, they afford students the opportunity to evolve their
formal-logical thinking and develop a greater sense of being through self-analysis and
understanding of social norms (Karpov, 2003).
The idea of utilizing social events and contentious issues to promote reasoning and moral
development is not isolated, nor unique to SSI instruction. It can be argued that socioscientific
issues can trace its history back to the origination of social studies education established by the
National Education Association’s (NEA) Committee on Social Studies in 1916 (Ross, 2006). It
was founded on the idea of developing strong citizenship values through formal academic
instruction of historical events (Ross, 2006). Both social studies and SSI aim to promote the
6

development of character education through the use of discourse on societal events, with the
primary variance being the inclusion of science concepts/processes and the timing of issues (i.e.,
social studies – past events; SSI – current and future events).
While there is much research to support a meritorious view of the incorporation of SSI
within science education, it is important to first step back and address specifically, that which
makes SSI unique and identify the explicit components incorporated within the science
classroom upon its implementation. These foundations are comprised of: the Socioscientific
Issues framework and scientific literacy; argumentation/discourse; informal reasoning;
socioscientific reasoning; multiple perspectives and moral development. They are foundational
in that they each provide a specific focus in terms of science education and they are overlapping
when SSI is applied – each one supporting and sustaining another toward the creation of a
primary science education focused on developing scientifically literate citizens. A brief outline
of each is provided below.
The Socioscientific Issues Framework and Scientific Literacy
The Socioscientific Issues framework (See Figure 1, page 8) is a theoretical construct
derived from psychology, philosophy and sociology developed to tackle the psychological and
epistemological gaps that are not addressed within an STS education (Zeidler & Keefer, 2003;
Zeidler et al., 2009). The framework encompasses four pedagogical issues “central to the
teaching of socioscientific issues and derived from contemporary views of scientific literacy”
(Zeidler & Keefer, 2003, p.12). These four issues include: 1) Nature of Science Issues, 2)
Classroom Discourse Issues, 3) Cultural Issues and 4) Care Based Issues & Science Technology,
Society and Environment (STSE) Issues.
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Figure 1. Socioscientific Elements of Functional Scientific Literacy. Note. From “The Role of Moral Reasoning and the Status of
Socio-scientific Issues in Science Education” by D.L. Zeidler and M. Keefer, 2003, In D. L. Zeidler (Ed.), The role of moral
reasoning on socio- scientific issues and discourse in science education, p. 12. Springer and Kluwer Academic Publishers.
Copyright 2003. Reprinted with permission from Springer Science and Business Media.

These topics are located on the middle ring of the framework. The inner ring concentrates on
issues related to scientific literacy and the interaction between these rings helps enhance the
“fluidity” between complex educational themes and varied science teaching practices (Zeidler &
Keefer, 2003).
Because it is holistic in nature, the SSI framework promotes scientific literacy by
invoking several key elements simultaneously, including the use of controversial problems that
require scientific evidence-based reasoning to inform decisions; making use of scientific topics
with social ramifications that necessitate dialogue, discussion, debate and argumentation;
infusing ethical elements (both implicit and explicit) that involve degrees of moral reasoning,
and underscoring the pedagogical goal of virtue and character formation (Zeidler, 2014).
In this sense, socioscientific issues acts as a bridge connecting functional scientific literacy to
science education (Zeidler, 2014).
8

Argumentation/Discourse
The science classroom, in its idyllic form, is an open, inclusive environment where
propositions, ideas and arguments are freely exchanged through discourse (Zeidler, Berkowitz,
Bennett, 2012). The practice of argumentation is central to science education and, by extension,
socioscientific instruction (Zeidler, Osborne, Erduran, Simon, & Monk, 2003). Aleixandre &
Erduran’s, Argumentation in Science Education (2008), makes the case that integrating
argumentation into science education can contribute to the development of metacognitive
processes, promote critical thinking and scientific literacy, while additionally enhancing
communication and reasoning skills. Because argumentation (i.e., discourse) can promote the
development of formal-logical thinking and self-analysis (Karpov, 2003), it can directly
contribute to student moral reasoning and moral development by promoting perspective taking,
thus it can be stated that argumentation (i.e., discourse) is a necessary component of a
progressive science education and should be incorporated into classroom environments.
Argumentation is the interactive process of how conclusions are reached and justified through
reasoning (Driver et al., 2000; Zohar & Nemet, 2002). Through SSI, argumentation ultimately
forces students to be confronted by the opinions and positions of other individuals. They in turn
must listen to the quality of claims and evidence from other participants and then re-examine
their own assumptions or beliefs in order to reason appropriately (Zeidler et. al., 2003). The SSI
instructional model is ideal for the practice of informal reasoning because when individuals
respond to socioscientific dilemmas, legitimate, yet disparate, arguments can be composed from
multiple points of view (Kuhn, 1993; Sadler, 2004a).

9

The incorporation of discourse and debate regarding controversial issues is a value
intrinsic to SSI, and as such, an important area of interest amongst science educators (Zeidler &
Nichols, 2009). The use of argumentation as a constructive means to engage thinking and
reasoning processes, and to echo the communication practices that are employed in real life are
central to the progression of moral development and scientific knowledge. In which case, it may
be beneficial to foster the beginnings of argumentation and debate at the primary level through
guided discussions to provide a strong social foundation and more opportunities to enhance
communication skills. As it has been asserted that these discussions permit educators to tackle
controversial socioscientific topics in a more age appropriate manner, younger learners can be
exposed to sensitive issues by providing topics they are psychologically and morally ready to
handle (Zeidler & Nichols, 2009).
Zeidler and Nichols (2009) note that a unique benefit of a SSI curriculum is that it lends
itself to interdisciplinary connections. They go on to suggest that a carefully designed SSI topic
can incorporate the blending of reading skills, scientific content, social studies, mathematics, and
art. Socioscientific issues take these disciplines and packages them in such a way as to provide
students and teachers with authentic world experience through argumentation that links moral
reasoning and epistemological development.
Informal Reasoning
If the development of reasoning competencies is linked to the development of personal
epistemology, students’ use of SSI learning strategies concerning informal reasoning should be
presented and utilized at the primary grade levels. Indeed, Sadler and Zeidler (2005) propose that
elementary instructors are, perhaps, best suited to initiate and build upon the profusion of
multidisciplinary topics that SSI afford, since the primary classroom is fertile ground for
10

collaboration in the construction of knowledge. Informal reasoning according to Sadler &
Zeidler (2005), is the general process of navigating socioscientific issues. Through their study,
they identified three specific reasoning patterns associated with SSI (i.e., rationalistic, emotive
and intuitive), which together form the basis of the informal reasoning framework (Sadler &
Zeidler, 2005).
In general, rationalistic reasoning entails utilizing facts, figures and evidence. Emotive
reasoning focuses on empathy and the affective domain, while intuitive reasoning is the general
“gut reaction” to a problem individuals experience, but can’t rationally express (Sadler &
Zeidler, 2005). Thus “informal reasoning” as defined by Sadler & Zeidler (2005) is the
interaction of these three domains and the validation that occurs within an individual when
presented with a controversial issue. The person must weigh the rational, emotive and intuitive
“evidence” in order to argue for or against a contentious topic.
Socioscientific Reasoning
In an attempt to impart more clarity in this realm, Sadler, Barab & Scott (2007) advanced
a theoretical construct, socioscientific reasoning (SSR), to attempt to notate the typical kinds of
reasoning contained in most SSI, with the ultimate goal of promoting effective citizenship. The
researchers first reviewed relevant literature related to content knowledge and NOS in order to
assert that SSI are valuable contextually for teaching and learning science content. SSR was
subsequently, functionally designed to comprise four epistemological traits: 1) complexity – the
recognition of the inherent webs of connected SSI intricacies; 2) perspectives – the ability to
examine issues, competing claims and interests from multiple viewpoints; 3) inquiry – the
appreciation for issues that are subject to ongoing inquiry; and 4) skepticism – possessing the
aptitude to challenge potentially biased information.
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Of these four distinct traits, it can be argued that perspectives (i.e., multiple perspectives
or perspective taking), has the most significant impact on moral development often attributed
with SSI instruction as it is directly linked to informal reasoning. Research by Zeidler, Herman,
Ruzek, Linder and Lin (2013) recently lent support to the claim by finding that common
underlying elements of epistemological beliefs can intersect and possibly even transcend culture
in terms of the way individuals frame, justify, and reveal socioscientific reasoning patterns on
SSI. The perspective an individual chooses will ultimately dictate how they frame and justify
their decisions. According to Zeidler and Nichols (2009), “shaping students’ epistemological
belief systems may be a bit of a novel consideration in contemporary science education practice,
but it is central to the advancement of an SSI approach to science education” (p. 51).
Multiple Perspectives & Moral Development
Broadly defined, perspective taking is an individual’s ability to listen, consider, and
evaluate the emotional/cognitive viewpoints of other participants when engaged in
argumentation, discourse, and debate associated with SSI (Kahn & Zeidler, 2016). It is a fluid
process where an individual must separate their views from another’s and assess how these ideas
mesh within their own personal experiences (i.e., affective, social, cognitive, etc.) (Kahn &
Zeidler, 2016). As children age, they begin to move away from egocentrism (a perspective of
focusing on personal needs or wants without regard to other individuals) toward a more
communal perspective where they begin to weigh their personal needs against other individuals
or society. This transition towards altruism (a selfless perspective placing the needs of others
before one’s self) demonstrates a distinct evolution in moral reasoning and judgment that
generally tends to occur in late childhood to early adolescence (ages 10-12) (Eisenberg &
Morris, 2004). This evolution of perspective is an important component of the SSI framework
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and its focus on moral development (Kahn & Zeidler, 2016, Zeidler, 2014) since moral rationale
and empathetic behaviors (e.g. sharing, caring, etc.) have been empirically linked to perspective
taking (Eisenberg & Morris, 2004).
Primary Science Education
In 2007, the National Research Council published, Taking Science to School (TSTS), a
report focused on addressing the fallacious assumptions of elementary student reasoning abilities
and outlining new parameters for childhood proficiencies in science. Several key findings of the
study included:
1. The capabilities of children are dependent upon their maturity, experiences and
instruction rather than age. Developmentally appropriate material is contingent on
previous instructional methods and not simply determined by chronological age or grade
level.
2. Despite having limited knowledge and experiences, the ability of children to think is
“surprisingly” sophisticated and not concrete or simplistic as originally believed.
3. Children have the ability to think abstractly, dispelling previously held conceptions of
development held by educators and researchers the past 3 or 4 decades.
4. Educators can facilitate the comprehension of scientific concepts by building on the
previous experiences of students and their simplistic understanding of the world around
them. (National Research Council, 2007, p. 3).
When examined more closely, these findings make the case for the inclusion of SSI at the
elementary level. First, if developmentally appropriate instruction is based upon previous
experiences, then students who engage in SSI during early elementary instruction (e.g., K-2) can
effectively participate in more sophisticated SSI at upper elementary levels (e.g., grades 3-5).
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Second, if student thinking is sophisticated, this lends support to the idea that elementary
students are capable of complex informal reasoning, as the recall of basic facts would fall into
the realm of simplistic reasoning. Finally, if student understanding of the natural world can be
built upon, then the cumulative knowledge and experiences of the group serves as a foundation
that can be grown through the inclusion of argumentation/discourse promoted when students
engage in SSI topics.
Given this evidence, an elementary science curriculum integrating SSI should be
considered a necessity in today’s educational system. Application of SSI should begin at the
elementary level, as students are capable of handling the pluralistic viewpoints of the contentious
issues presented through SSI, provided the controversial topics are age appropriate.
Statement of the Problem
In its ideal form, SSI instruction promotes the social, cognitive and moral development of
individuals through the use of contentious, science-based issues. Prior research on SSI has
primarily focused on argumentation, (e.g., Dawson & Venville, 2010; Khishfe, 2014), moral
implications (e.g., Sadler & Donnelly, 2006; Dolan, Nichols, & Zeidler, 2009) and the effects on
student development (e.g., Fowler, Zeidler, & Sadler, 2009; Zeidler, et al., 2009). Yet, research
associated with the impact of SSI beyond the general classroom environment has remained
underdeveloped, particularly at the elementary level. This study attempted to address this void
and put forth data regarding the extent students applied informal reasoning skills when faced
with controversial issues in science, and by contrast, how they applied said skills to contentious
issues in social studies contexts. Because SSI have been shown to promote social, cognitive and
moral growth, it seemed plausible to hypothesize that informal reasoning skills (i.e., rationalistic,
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emotive, and intuitive) developed during SSI instruction, would be evident (even on a limited
basis) in other non-science classroom contexts.
Research Questions
Question 1
When presented with controversial issues (i.e., within science and social studies
contexts), what types of informal reasoning (e.g., intuitive, rationalistic, emotive) are evident in
elementary student responses prior to SSI instruction?
Rationale: Through extensive research, a case has been made that SSI have the ability to
affect the social, moral and cognitive development of individuals (Chung, Yoo, Kim, Lee, &
Zeidler, 2016; Herman, 2018; Yapıcıoğlu & Kaptan, 2017). With information pertaining to SSI
at the elementary level remaining limited and in many areas uncharted, an initial establishment
of reasoning skills is necessary to adequately assess and develop a baseline of student abilities.
The establishment of this baseline will provide an avenue to monitor, assess and analyze
developments in elementary students as they progress through an SSI curriculum. Only by
establishing norms and monitoring the development/evolution of reasoning patterns, can a
perspective of SSI efficacy be verified and measured.

Question 2
After participating in an extended SSI curriculum, what types of informal reasoning are
present in elementary student responses when negotiating controversial issues in a science
classroom?
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Rationale: Upon establishing the baseline skill set related to Research Question 1
(above), evaluating the progress of student reasoning proficiencies during SSI investigations
becomes the next component of the study. By evaluating student reasoning skills before, during,
and after SSI instruction, empirical evidence can be collected to ascertain if new types of
reasoning emerge and/or gauge how an individual’s abilities have progressed throughout
instruction. If a case is to be made that SSI have the ability to impact reasoning skills across
subject areas, it must first be determined how they affect students within a science context. This
will allow the principal researcher to evaluate pre and post instructional capabilities that can then
be used to evaluate the transference of skills into other educational realms.
Question 3:
After elementary students are presented with controversial issues in a social studies
context, to what extent are informal reasoning skills associated with SSI evident in student
responses prior to and after participating in an SSI curriculum in science?
Rationale: By creating controversial issues in a second educational setting, data can be
collected and analyzed to establish if and how students apply reasoning skills associated with SSI
instruction, in an alternative environment. Prior to implementing an SSI curriculum, assessing
student reasoning in social studies will provide an initial point of comparison with those
established in Research Question 1 (above).
Only by ascertaining pre and post-treatment reasoning abilities of individuals in a social studies
context can an SSI curriculum’s effects be measured and data from both environments be
compared and analyzed.
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Sub-Question 3a:
How do informal reasoning patterns utilized by students in a social studies context
compare to the application of informal reasoning skills within a science domain when navigating
controversial issues?
Significance of the Study
Studies regarding SSI at the elementary level (i.e., 5th grade and below) remain scant and
underdeveloped in terms of empirical research regarding reasoning skills. Dolan et al. (2009)
provided a conceptual and anecdotal perspective utilizing three specific SSI units in a fifth grade
classroom, but the study was not empirically based, and though it was argumed to promote
various types of reasoning by students, no formal data was collected and therefore can only be
viewed as a potential indicator for success at the elementary level. Burek (2013), however,
focused on the critical thinking, argumentation skills and attitudes of 4th grade students towards
environmental education through an SSI curriculum. During her investigation, Burek determined
that students exposed to an SSI curriculum could justify their positions better than individuals
not engaging in SSI activities (2013). In addition, students in the treatment group were more
capable of providing alternative perspectives on controversial issues, which when viewed in
terms of the SSR framework (e.g., multiple perspectives) is a direct contributor to the
development of moral reasoning. While reasoning was not a specific focus in this study, the
results provide evidence that SSI instruction at the elementary level has the potential to impact
perspective taking and thus lead to the cognitive, social and moral development in younger
students.
This study provided a unique opportunity to establish the effectiveness of SSI on student
reasoning, across multiple subject disciplines by evaluating how students navigate controversial
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issues in both science and social studies contexts. The cross curricula evaluation of
socioscientific issues on informal reasoning had not been studied at any educational level (i.e.,
K-12) to date, and this study served as a pilot initiative for future research. The comparison of
data between the subject areas allowed the principal researcher to determine how informal
reasoning skills were applied during controversial issues and if they were implemented based
upon the environment, or if they were more influenced based on the circumstances of the issue
presented. This research allowed the comparison of individual reasoning patterns over multiple
scenarios and contexts as well as group data comparisons amongst different subject areas.
Study Boundaries
While this study was unique in the evaluation of informal reasoning in and beyond the
science classroom, boundaries still exist for this study and should be clarified. The population for
this investigation was limited to and comprised of learners classified as “gifted” individuals. The
term “gifted” is referent to an individual achieving an intelligence quotient (IQ) score of 130 on a
standardized gifted assessment, commonly the Stanford-Binet Intelligence Scale, Fifth Edition
(SBIS-V), Wechsler Intelligence Test for Children, Fifth Edition (WISC-V) or Reynolds
Intelligence Assessment Scale, Second Edition (RIAS-2). In some cases, persons with an IQ
score of 115 will also be termed “gifted” in cases of economic hardship or language impairment.
The limited population for this study exists due to the current instructional position of the
principal investigator. This study should be viewed as preliminary research; one to be advanced
and evaluated within other contexts and environments throughout all levels of elementary school
(i.e. Kindergarten – 5th grade) and beyond.
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Summary
This chapter was structured to provide the reader with an introduction to socioscientific
issues and how it relates to scientific literacy, informal reasoning and the SSR framework.
Moreover, it puts forth the idea that social, moral and cognitive skills developed during SSI
implementation are not reserved only to science disciplines, and will thus carry over to other
subject areas, resulting in a greater overall impact on personal development. The following
chapter will provide in-depth research regarding gifted learners, SSI, scientific literacy (e.g.,
Vision 1 and 2) and informal reasoning. It will also include discussions pertaining to
argumentation/discourse, perspective taking, and the College, Career, and Civic Life (C3)
Framework.
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Chapter Two: Literature Review

Introduction
This study postulates that the primary science classroom is an appropriate environment
for the introduction and practice of socioscientific issues and that the transfer of informal
reasoning skills associated with SSI are likely to be evident in student responses in other subject
areas (i.e., social studies, language arts, etc.) when contentious issues are encountered. It adopts
the view that the elementary classroom is fertile ground for collaboration in the construction of
knowledge and moral development (e.g., empathy, justice, etc.) through the application of SSI
instruction and discourse. Psychology has shown that students aged 6-12 are primarily
categorized within the realm of concrete operational thought (Ormrod, 2008). Within this
domain, students begin to understand that their personal, conceived ideas about varying topics
may be incorrect and recognize other individuals may hold alternative perspectives on
contrasting issues (Ormrod, 2008). It is from this ideological viewpoint that educators and
curriculum specialist can begin to determine how SSI can best be positioned to advance the
functional scientific literacy of students through the use of socioscientific reasoning and crossdisciplinary concepts within elementary science education.
The following review of literature will provide relevant information pertaining to gifted
learners and offer in-depth research that builds a conceptual framework regarding: scientific
literacy and the role of SSI, informal reasoning and development through SSI, the complexities
of argumentation/discourse in SSI, pursuing primary SSI implementation through teacher
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development, the effects of perspective taking on informal reasoning, the influence of SSI on
epistemological development, and the College, Career, and Civic Life (C3) Framework – a
bridge between SSI and social studies education.
Gifted Learners
As previously stated, “gifted” learners are individuals identified through school or
psychological testing as having above level IQ scores. Currently there are no state or federal
guidelines for determining the eligibility of a child for gifted. This responsibility is up to the
local school districts and boards or education (Clark, 2008). Based on the location of this study,
giftedness is usually identified when an individual scores a 130 on a standardized intelligence
assessment (i.e., the Stanford-Binet Intelligence Scale, Fifth Edition (SBIS-V), Wechsler
Intelligence Test for Children, Fifth Edition (WISC-V) or Reynolds Intelligence Assessment
Scale, Second Edition (RIAS-2). Intelligence scores are generally distributed on a normal bell
curve where a score of 100 is considered average and standard deviations are 15 points in either
direction from the mean. A child that is two standard deviation from the norm to the right is
classified as gifted learners. In the case of economic hardships or if a student is an English
Language Learner (ELL), they only need to pass the first standard deviation (i.e., a score of 115)
to qualify into the program.
Gifted learners present unique challenges in the classroom for science educators. These
issues generally arise due to the advanced nature of the individuals. Gifted students are
commonly curious, independent, self-critical learners with increased sensitivity and empathy
towards others (Clark, 2008). They become bored easily and often will act out in class if they are
not challenged. One of the many struggles with teaching this type of student is keeping them
engaged with activities that stimulate their learning interests. According to Carol Ann Tomlinson
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(1997), curriculum for gifted learners needs to be rigorous and self-paced. It must focus on a
topic of interest to the individual and provide opportunities for that person to engage in
independent study (Tomlinson, 1997).
SSI provides the rigor, structure and opportunities for choice that are recommended for
these learners. SSI are open-ended and individuals may pursue research down a multitude of
paths, challenging them to dig deeper into topics and satisfying the parameters for gifted
education. This is not to say that SSI are for only gifted learners, rather it is to justify inclusion
into the classroom. The unique structure of SSI allows them to be adjusted for all learning levels.
Students may work as fast or slow as they desire and all individuals can contribute to the group
knowledge.
Scientific Literacy and the Role of SSI
Though the international science education community is, for the most part, committed to
the goal of promoting scientific literacy in all students at all levels; there is far less community
agreement pertaining to the actual definition of scientific literacy (Sadler, 2011; Zeidler, 2014).
To ensure it does not become little more than an educational punch line, users of the term "must
explicitly address the context of its use," (Sadler, 2004a, p. 39). Though this paper does not
attempt to traverse the complete range of meanings and interpretations (such an endeavor would
merit its own book), it is nevertheless important to note the distinctions of scientific literacy
pertaining to the aims and purposes of science education.
Despite the current era's focus on this phrase, architects of modern science education
reform did not actually coin it; the phrase has actually appeared in scientific literature for more
than fifty years since Paul Hurd first published it in 1958 (Sadler, 2004a). Hurd noted that
following World War II, it became clear that the nation was undergoing revolutionary changes in
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the nature and practice of science and its impact on the social, economic, and political aspects of
the nation, as well as on human welfare. This acknowledgement represented a fundamental step
toward building a civic dimension of scientific literacy (Hurd, 1958).
Due to scientific literacy having been part of the scientific landscape for so long, Sadler
(2004a) asserts that researchers and practitioners have a propensity to envision the construct in
ways that uphold their own goals for education. This manner of conceptualization inevitably
creates a series of complex events, where educators validate their research and teachings by
intertwining them with the augmentation of a scientific literacy construct that is actually defined
by their own agendas; such cycles continually reinforce themselves through feedback loops
toward greater instability, with ultimately deleterious results (Laugksch, 2000; Sadler, 2004a).
While multiple meanings applied to the phrase render it ill defined, the concept should not be,
and for practical purposes, cannot be shelved entirely. Scientific literacy is imperative to
depicting the aims of science education, as long as it is appropriately qualified and supported
(Sadler, 2004a).
Roberts (1982, 2007) has amassed quite a body of work mapping out the landscape of
scientific literacy, which he has synthesized into a functional heuristic for exemplifying its
diversity of views. Though both perspectives exist under the same policy banner, when
examining these outlooks at their extremes, they are almost philosophically irreconcilable
(Dillon, 2009). Yet, policy makers and curriculum planners often bear the burden of attempting
to reconcile these visions. As Roberts appropriately notes, "Everyone agrees that students can’t
become scientifically literate without knowing some science, and everyone agrees that the
concept needs to include some other types of understanding about science," (Roberts, 2007, p.
11). However, whether the two can be effectively balanced remains unknown (Dillon, 2009).
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In fact, Roberts proposed that two broad, overall visions of the meaning of scientific
literacy can be drawn from the detailed science education literature that has developed since the
1950s – Vision I and Vision II (Roberts and Bybee, 2014). However, each vision could not be
more different in terms of defining the image of the scientifically literate individual, and as such,
each provides an entirely different basis for school science education and thus, would nurture
and develop the individual according to that specific direction (Roberts and Bybee, 2014). Vision
I is aptly named because it envelops the idea of the student as a “novice scientist” and therefore,
“offers a blueprint for science education that introduces students systematically to the scientific
enterprise itself,” (Roberts and Bybee, 2014, p. 546). Roberts (1982) would deem this a “Solid
Foundation” orientation to the intent of school science, with the student systematically mastering
that which is needed to pursue more advanced science in the future – building on an already
robust and well-established array of techniques and methods and well-tested accounts of the
events in the natural world. Vision I is most notably related with AAAS Project 2061 and with
the term science literacy. Within the context of Vision I, the scientifically literate person is one
who:


is aware that science, mathematics, and technology are interdependent enterprises
with strengths and limitations;



understands key concepts and principles of science;



is familiar with the natural world and recognizes both its diversity and unity, and



uses scientific knowledge and scientific ways of thinking for individual and social
purposes (American Association for the Advancement of Science, 1989, p. 4).
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The fourth bullet point truly illuminates the ultimate purpose of Vision I - that science is the
preferred way to think about situations that have personal and societal components (Roberts and
Bybee, 2014). Literacy within this view is inward looking on the traditions of science itself –
familiarity and fluency exist inside of the discipline, leading to what Norris and Phillips (2003)
would call a “fundamental sense” of scientific literacy. Vision I orientation was reflected in the
reform curricula of the Sputnik era when the United States enacted reforms in science and
engineering education to regain technological ground it appeared to have lost to its Soviet rival
(Roberts and Bybee, 2014).
In contrast, Vision II developed later in the history of school science, as a means of
looking outside of science to build curriculum that acknowledges how science pervades and
interrelates with many aspects of human life, including the correlation between political,
economic and ethical considerations (Roberts and Bybee, 2014). According to Vision II thinking,
scientific literacy consists of learning how science aptly corresponds with personal and societal
perspectives for a more complete understanding of the issues. Vision II, according to the ongoing
research and development project in England called Twenty First Century Science, defines a
scientifically literate person as one who is able to:


appreciate and understand the impact of science and technology on everyday life;



take informed personal decisions about things that involve science, such as health,
diet, and the use of energy resources;



read and understand the essential points of media reports about matters that
involve science;



reflect critically on the information included in, and (often more importantly)
omitted from, such reports, and
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take part confidently in discussions with others about issues involving science.
(Twenty First Century Science, retrieved October 20, 2018
www.nuffieldfoundation.org/twenty-first-century-science)

The above definition moves beyond the singular scientific perspective approach and
clearly implies that other perspectives are appropriate and necessary as well to become fully
scientifically literate (Roberts and Bybee, 2014). Norris and Phillips (2003) deemed this the
“derived” sense of scientific literacy. As such, Vision II classrooms seek to facilitate student
learning of the discourse with the aim of resolving issues and making decisions and how those
endeavors deviate from and simultaneously augment the explanatory discourse of science itself
(Roberts and Bybee, 2014). Historically, the term scientific literacy has been used to denote this
more comprehensive vision, and is therefore, aligned with the SSI movement and any other
educational effort that systematically links an understanding of the scientific enterprise to
socioscientific issues (Roberts and Bybee, 2014).
Supporting Vision II scientific literacy requires one to believe that science education
should support the development of all students into citizens capable of thoughtful engagement in
the implications of scientific information on individuals, communities and the global landscape
in which they subsist (Sadler, 2011; Zeidler, 2014). Looking at scientific literacy in this manner
alters the overtones of the fundamental questions pertaining to primary science education - what
are its goals and how can it be achieved? Therefore, if the goal is to develop functional,
scientifically literate individuals with the ability to utilize science content to traverse
controversial issues (i.e., socioscientific issues) and produce informed/rational decisions (Kahn
& Zeidler, 2016), it can be argued that the primary focus of elementary science education should
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be placed on the integration of SSI, in order to promote the cognitive, moral, and epistemological
development of young students necessary for active participation in future societal endeavors.
Informal Reasoning and Development through SSI
A major component of childhood development within elementary education focuses on
the informal reasoning patterns of students. While most attention in education today is focused
on formal knowledge, generally assessed with standardized tests, informal reasoning is the active
process of weighing evidence, making decisions and generating solutions to problems. In most
respects, informal reasoning is as important, if not more so, than formal knowledge.
Sadler and Zeidler (2005) identified three specific patterns of reasoning (i.e., emotive,
intuitive, and rationalistic) that together form the informal reasoning framework. Presented in
Figure 2 (See page 28), it is a series of three interconnected rings with each ring representing one
of the afore mentioned types of reasoning patterns. It is arranged in a traditional Venn diagram
pattern. Within this framework, the letters A-D in Figure 2, refer to individuals utilizing multiple
reasoning patterns during an SSI investigation (Sadler & Zeidler, 2005). This framework
provides a basic foundation of how individuals navigate through an SSI activity.
In 2005, Sadler & Zeidler interviewed 30 college students regarding six genetics based
issues to assess how each navigated controversial issues and to determine which types of
informal reasoning patterns they applied. After two rounds of interviews and inductively
analyzing the data, Sadler & Zeidler determined individuals applied informal reasoning patterns
independently based on the context of the scenario. Even though all issues were based on genetic
engineering, individuals did not apply the same reasoning patterns for each issue. Rationalistic
reasoning was most prevalent across each of the six issues, being seen in 88% of all responses.
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Figure 2. Informal Reasoning Framework. Note. From “Patterns of Informal Reasoning in the Context of Socioscientific
Decision Making” by T. D. Sadler & D.L. Zeidler, 2005, In Journal of Research in Science Teaching, Volume 42, Issue 1, p. 121.
Wiley Periodicals Inc. Copyright 2005. Reprinted and modified with permission from Wiley Periodicals, Inc.

Emotive reasoning was observed in 47% of responses and intuitive reasoning was seen in 25% of
answers. However, this does not reflect the variations in the application of these reasoning
patterns. Despite intuitive reasoning only making up 25% of all responses, it was observed in
50% of answers pertaining to reproductive cloning and deceased child cloning, but only seen in
3% of responses on Huntington’s disease and nearsightedness gene therapy. As a result of these
variations, the researchers concluded that the use of informal reasoning skills are primarily based
on the context of the scenario (Sadler & Zeidler, 2005).
This conclusion has significant implications when developing lessons pertaining to SSI.
Regardless of the level to be instructed, if informal reasoning skills are applied based on the
context of a scenario, then carefully planned SSI units can impact specific facets of students’
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informal reasoning skills (i.e., emotive, intuitive and rationalistic). Meaning that educators can
design units to specifically develop all types of informal reasoning patterns including integrated
reasoning patterns (i.e., the use of multiple reasoning patterns simultaneously).
Karpudewan & Roth (2016), sought to determine the effects of an SSI based
environment-related curriculum, on the informal reasoning skills of (68) sixth grade students in
Malaysia. The study spanned five weeks and students completed eight questionnaires regarding
environmental issues (e.g., land development, water pollution, illegal hunting, illegal logging,
deforestation, plastic pollution, global warming and recycling). During this study, students
initially showed a reliance on intuitive reasoning and a lack of evidence when answering
questions. As the study progressed, students began moving away from intuitive answers and
incorporating more evidenced-based responses. Analyzing the data further, the researchers
evaluated student arguments from four distinct perspectives (i.e., society, science, ecology and
economy). Student arguments from the four provided perspectives increased over the course of
the study, with science and society arguments increasing most and economy arguments
increasing least. It was concluded after five weeks, that student use of intuitive reasoning
decreased, rationalistic informal reasoning increased and there were significant improvements in
student argumentation quality. Both changes to argumentation quality and informal reasoning are
not unique to this study.
Georgiou, Mavrikaki, Halkia, & Papassideri (2020) also evaluated the effect of SSI on
the argumentation and informal reasoning patterns of (36) tenth grade Greek students.
Participants were divided between two separate groups. One group participated in SSI instruction
for two hours each week for 20 weeks. The other group attend SSI instruction for three hours
weekly over the course of 13 weeks. At the end of instruction, students completed a
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questionnaire featuring eight open-ended questions on Biotechnology. Results from the study
show the group that attended SSI instruction over the course of 20 weeks used more rationalistic
reasoning and provided higher quality arguments than those in the 13-week course. Suggesting
that more consistent exposure to SSI activities can lead to more rationalistic reasoning, more
evidence provided in student responses and higher quality argumentation (Georgiou et. al.,
2020).
While both Karpudewan & Roth (2016) and Georgiou et. al, (2020) were successful at
showing SSI can influence rationalistic reasoning and improve argument structure, neither study
included a significant feature of SSI that is designed to enhance argumentation and promote
informal reasoning and that is classroom discourse. In Karpudewan & Roth (2016) the teachers
guided the discussion and questioned the students after watching animations. According to this
article, there was little discourse between the individual students. Similarly in Georgiou et. al.,
(2020), students had some discourse as they worked together to generate their groups position on
an SSI topic; however, the groups only stood up and shared their perspectives. There was no
mention of debate or discourse between the different groups, nor a chance to challenge someone
on their decisions. SSI are contentious issues from which many perspectives and opinions can be
drawn by different individuals. It is this social discourse that promotes informal reasoning and by
extension argument structure. SSI have the ability to shape informal reasoning skills; however, if
students are not permitted to discuss topics and challenge each other, it can limit the effects on
informal reasoning and development of the student.
The Complexities of Argumentation/Discourse in SSI
According to the Next Generation Science Standards (2013), argumentation is a “mode of
logical discourse” through which students are expected to engage and reason about varying
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phenomena using scientific data in order to evaluate, share, and critique ideas with the goal of
reaching shared conclusions amongst other individuals (NGSS Lead States, 2013, p. 110). It is
regarded as an essential, crosscutting idea within the scope of science education and should be
integrated into all educational levels, including grades K-2, to foster comprehension and
educational equity (National Research Council, 2007; National Research Council, 2012). In fact,
the volume of core science ideas within the NRC Science Framework was limited to specific,
key concepts in order to provide additional time for students to engage in argumentation and
scientific investigations; thereby promoting greater scientific literacy through personal reflection
as individuals learn to evaluate their own understanding of science ideas through collaborative
means (National Research Council, 2012).
Argumentation provides this cooperative dialogue among individuals and is generally
classified under the banner of peer education. Buoyed from the idea that students learn better
from interactions with their fellow classmates as opposed to traditional instruction from
authoritative figures (i.e., teachers, parents, etc.), it is an established technique that researchers
have used to explore the effects of various communal, educational endeavors. William Damon’s,
Peer Education: The Untapped Potential (1984), sought to provide a rationale for the inclusion
of more peer education within the instructional community. Citing the works of Piaget, Vygotsky
and Sullivan, Damon’s analysis of each theorist’s work regarding peer interactions through
discourse had the following effects on student development when viewed through a collaborative
lens:
1. Through mutual feedback and debate, peers motivate one another to abandon
misconceptions and search for better solutions.
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2. The experience of peer communication can help a child master social processes,
such as participation and argumentation, and cognitive processes, such as verification
and criticism.
3. Collaboration between peers can provide a forum for discovery learning and can
encourage creative thinking.
4. Peer interaction can introduce children to the process of generating ideas and
solutions with equals in an atmosphere of mutual respect. This in turn can foster
an orientation toward kindness and fairness in interpersonal relationships.
(Damon, 1984, p. 335)
Each of the aforementioned conclusions supports a specific component of the SSR
Framework (i.e., Conclusion 1 - complexity, Conclusion 2 - skepticism, Conclusion 3 - inquiry,
Conclusion 4 – perspectives) and by extension scientific literacy (Sadler et al., 2007). The use of
argumentation/discourse within the context of science education provides opportunities for
students to engage in peer education and develop necessary social skills that will be instrumental
as they transition through adolescence.
Research pertaining to argumentation through SSI and disputation within science
classrooms offers justification for the inclusion of SSI into science curriculum, while
additionally underscoring the abilities of young learners to successfully engage and participate in
social debate. For example, Sadler (2004a) provided a fairly comprehensive review of
argumentation as an important theme in science education by summarizing four studies that
specifically addressed socioscientific argumentation. In analyzing studies by Kortland (1996),
Patronis, Potari, and Spiliotopoulou (1999), Jimenez-Aleixandre, Rodriguez, and Duschl (2000)
and Zohar and Nemet (2002), Sadler (2004a) concluded that the SSI research supported findings
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from other disciplines that most learners do not characteristically demonstrate high-quality
argumentation as defined by: an ability to articulate and defend contentious positions. Each
reviewed study cited a propensity for students to make claims without ample justifications.
Students also failed to adequately address opposing positions through counter positions and
necessary rebuttals.
When synthesizing these studies, it would appear that argumentation interventions are
most effective when they encourage personal connections between the students and the issues
and when the students deal with the significance of justifying claims (through support of their
personal positions and acknowledgement of opposing viewpoints) (Sadler, 2004a).
A review of more current research surrounding socioscientific argumentation further
supports Sadler's comprehensive notations that the presence of explicit instruction in both
argumentation and SSI (especially those that encourage personal connections) provides the most
potential with regard to acquisition of higher level knowledge and argumentation skills. For
example, Venville and Dawson (2010) explored the effect of classroom-based argumentation on
high school students’ argumentation skills, informal reasoning, and conceptual understanding of
a genetics-based SSI. They conducted an embedded case study of quasi-experimental design
within a large suburban high school in which two Grade 10 classes (n=46) formed the
argumentation group and two Grade 10 classes (n= 46) formed the comparison group. Both
classes were comprised of 14- and 15-year-old students. The study sought to address how an
intervention based on argumentation impacts: the structure and complexity of students’
argumentation about a genetics-based SSI, the quality of their informal reasoning about a
genetics-based SSI, and their conceptual understanding of genetics. The teacher of the
argumentation groups was an experienced biology teacher who participated in professional
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development specifically focused on argumentation. Specific skills regarding argumentation
were explicitly taught to the students in his classes during one, 50-minute lesson and then
involved them in whole-class argumentation about SSI during two additional lessons. By
contrast, the comparison classes were taught by two additional, experienced biology teachers
who were not given professional development focused on argumentation and students
participated in library research in lieu of SSI discussions. Detailed data were generated from
written pre- and post-instruction student surveys based on two methods of analysis. The findings
showed that the argumentation group, but not the comparison group, appreciably improved upon
the complexity and quality of their arguments and provided more explanations that demonstrated
informal reasoning and while both groups enhanced their genetics understanding, the gains made
by the argumentation group were substantially greater than those of the comparison group. This
finding suggested that students were able to achieve such improvements after only a short
intervention (based on argumentation) of three lessons. As such, the implication is that the
explicit teaching and practice of argumentation skills can improve the complexity of students’
argumentation.
Khishfe's 2014 investigation examined the influence of explicit nature of science (NOS)
and argumentation instruction, in the context of SSI, of seventh-grade students, and the transfer
(applying previous knowledge in new contexts or situations) of students’ argumentation skills
learned in one socioscientiﬁc context into other similar contexts (familiar and unfamiliar).
Khishfe used a mixed-methods approach to study 121 seventh-grade students from two different
public schools. Two teachers with comparable academic backgrounds and ample NOS and
argumentation coursework implemented an eight-week unit about water usage and safety to two
intact student groups. Each school had one Treatment I group and one Treatment II group. The
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Treatment I groups from both schools totaled 62 students, while the Treatment II groups from
both schools totaled 59 students. In the study's first stage, student participants were administered
a questionnaire to assess their NOS understanding as well as their argumentation skills in relation
to two controversial issues: genetic engineering and water fluoridation. Five randomly selected
participants from each class were then interviewed to compare their questionnaire responses to
their interview responses. At the end of the eight-week study, all students were administered the
same questionnaire and five randomly selected participants from each of the classes were
interviewed.
Participants in all treatment groups (Treatments I and II from each school) engaged in the
same content about water usage and safety, and they also learned about the three NOS aspects
(tentative, empirical, and subjective). Two weeks were dedicated to the teaching of NOS aspects
to all groups through several NOS activities. The remaining six weeks were devoted to the seven
lessons about water usage and safety with the integration of NOS aspects within that content.
The Treatment I groups at each school also had additional explicit instruction on argumentation.
Similar to the explicit NOS instruction, the same strategy was used for explicit argumentation
instruction. The argumentation components (arguments, counterarguments, and rebuttals) were
introduced at the beginning of the unit and then integrated within the unit lessons. Instruction
time between the Treatment I and II groups was equalized by engaging the Treatment II groups
in additional discussions applicable to unit lesson content.
Prior to the intervention, most participants in all groups showed argumentation
components (argument, counterargument, and rebuttal) at naïve and intermediary levels,
meaning their argumentation components contained no justification, invalid justification, or at
the most, a single justification - there were no significant differences between Treatment I and II
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groups. After the treatment, there were improvements in the percentage of Treatment I group
participants who exhibited informed argumentation components supported by more than one
reason. In addition, many more participants in the Treatment I groups, compared to the
Treatment II groups, showed informed argumentation components and fewer showed naïve
components. Both treatment groups showed considerable improvement in their understandings of
NOS in both contexts (both familiar and unfamiliar). These findings support the idea that explicit
argumentation instruction can lead to improved argumentation skills. In addition, the
improvement in argumentations skills of both treatment groups indicates that the presentation of
SSI allowed students in both groups to establish personal connections to the water usage and
safety issues and played a role in argumentation skill gains. The findings also align with Sadler's
conclusions regarding the Zohar and Nemet (2002) and the Patronis et al. (1999) studies, in that
argumentation instruction can prove beneficial, and that perhaps the most fruitful interventions
for enhanced argumentation are those which: 1) encourage personal connections between
students and the issues discussed, 2) specifically address the value of claim justification, and 3)
demonstrate the importance of attending to opinions contrary to one's personal beliefs (Sadler,
2004a).
While these studies do not focus on elementary students, they do provide a rationale that
argumentation instruction coupled with SSI can positively impact the efficiency of student
discourse, as they learn to utilize argumentation within social contexts. Therefore, it must be
determined that students at the primary level possess the skills to engage in scientific debate in
order to facilitate the incorporation of SSI into the elementary curriculum. Research by Ryu &
Sandoval (2012) and Herrenkohl & Cornelius (2013) has shown that students at the elementary
level are capable of formulating complex, evidence-based arguments independently within the
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science classroom. A more comprehensive review of their research provided evidence of this
ability and established grounds for the inclusion of contentious issues into primary education.
Ryu and Sandoval (2012) set out to explore how continuous instruction in argumentation
improved children’s comprehension and utilization of claims/justification in science discourse.
The investigators, believing in the premise that students have to engage in argumentation in
order to learn how to do it well, focused on 21 children (9 third graders and 12 fourth graders) in
a blended, dual language (English & Spanish) immersion program at a large public school. The
teacher was a science educator with 38 years of teaching experience and was chosen specifically
for her ability to engage students in productive discourse of science ideas. The class was
observed from September through June and science instruction was provided to the students two
to three times per week, for approximately one hour at a time. Investigator Toulmin’s Model of
Argumentation, involves breaking an argument down into six basic parts (claim, evidence,
warrant, backing, counterargument/rebuttal and qualifier) and objectively weighing and
supporting points both for and against the argument. Utilizing Toulmin’s argumentation pattern
(TAP), investigators created scenarios (e.g., what would happen to a polar bear population under
current climate change?) to evaluate ideas children held about causal structure, causal coherence,
citing evidence and explicit justification. Only nineteen of the original twenty-one students (8
third graders and 11 fourth graders) completed the pre- and post-construction tasks. According to
the data, students made significant gains in three of four epistemic criteria (causal coherence,
citing evidence and explicit justification) and no significant differences were discernable
between children in either grade level.
In addition to the epistemic criteria and norms evaluated during this study, the teacher
established social norms, such as listen to each other, at the onset of the school year. She
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reinforced this message by directing students to address each other when conveying information
and/or providing evidence, thus removing herself as the authoritative figure in the room and
creating an authentic community. Data from the study showed that within this environment,
students were more likely to show evidence and back up their claims when talk was prompted by
peers rather than the instructor. This finding supports Damon’s (1984) ideas regarding peer
education, in that collaboration amongst equals can create an environment for discovery learning
with mutual respect for others and enhance social processes as they work towards better
solutions and abandon misconceptions. Additionally, there is sufficient evidence to indicate that
students can independently and collaboratively formulate logical, evidence based arguments
within this type of environment when not directly prompted by the instructor, but by peers in the
class. The only significant component missing from this investigation was the lack of real-world
scenarios and the negotiation of contentious issues.
Research by Herrenkohl and Cornelius (2013) corroborates the findings of Ryu &
Sandoval (2011), and adds the dimension of contentious issues and subsequently provides
evidence for the necessity of controversial issues into the elementary science curriculum.
Herrenkohl and Cornelius investigated classroom argumentation patterns and epistemic
cognition of fifth and sixth grade students in both science and history classes. Table 1 (See page
39) represents the teachers and students that participated in this research study. Teachers for this
investigation (i.e., Mrs. Garrett, Mrs. Pratt, Ms. Butler and Mrs. Grant), were chosen as they
represented a wide-range of educational backgrounds and their respective students encompassed
an extensively diverse population set. For this inquiry, two science units (Deformed Frogs, and
Sinking and Floating), two history units (Pocahontas and Rosa Parks) and one unit that included
science and history together (investigating the perceived biological phenomenon of spontaneous
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generation of life were investigated by students. The investigators focused purposely on the
Sinking and Floating and Rosa Parks activities, as they were implemented in the middle of the
year, provided the most substantial instruction and took place before the concluding joint unit.
Table 1. Classroom Profiles (Modified from Herrenkohl & Cornelius, 2013, p. 426)

Table 1. Classroom Profiles. Note. From “Investigating Elementary Students' Scientific and Historical Argumentation” by L.R.
Herrenkohl and L. Cornelius, 2013, In Journal of the Learning Sciences, p. 426. Taylor and Francis Group, LLC. Copyright
2013. Table reprinted with permission from Taylor & Francis Group, LLC.

Multiple investigators coded student responses from previous data collections and
grouped common argumentation structures into 13 main clusters, which were then used to
evaluate argumentation patterns within and between science and history classrooms. Data
collected during this study revealed that four of the six most common clusters utilized in each
subject area were shared across disciplines (e.g., Formulating Arguments, Defining Arguments as
Theory Driven, Arguments Need Evidence, and Alternative Arguments). However, within
science classrooms, Changing and Revising Arguments and Arguments Do Not Need to Account
for All Evidence were more prevalent, as compared to Truth Claims and Imaginative and
Analogous Thinking, which were more frequently utilized in historical contexts. This data
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implies that the situation, topic and way teachers present information to students may influence
how they develop arguments within each domain.
Of the thirteen code clusters witnessed during argumentation in each subject area, only
Truth Claims did not appear within the science classroom. According to the authors, discussions
about Truth Claims were found only in history as students and teachers reﬂected on the status of
historical evidence and what could be known about the past. The teachers and students
questioned the truth value of evidence presented by historical documents, which they felt were
written by biased human beings. This initial questioning led them to discuss meta-theoretical
issues such as whether the truth could ever really be known. Conversely, discussions about truth
did not emerge at all in science, even in the more abstract or “meta” conversations about theory
in this discipline. This difference may be due in part to the types of argument building that the
curriculum provided for the students in each of the units. Had students read scientiﬁc reports or
theories and evaluated one claim against another (vs. developing their own theories from
scratch), truth claims may have been discussed in both subjects.
This idea is critical within the scope of science education because it demonstrates
properties associated within the SSR framework: complexity (whether the truth could ever really
be known), skepticism (written by biased human beings), inquiry (reflected on the status of
historical evidence…working with historical documents) and multiple perspectives (had students
read scientiﬁc reports or theories and evaluated one claim against another) which necessitates the
inclusion of controversial issues into the science curriculum.
By focusing solely on facts and data when creating arguments in science and failing to negotiate
multiple perspectives, skepticism, and complexity into corresponding discourse about
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controversial issues, students cannot create sufficient arguments and thus will be less effective
when they engage in social debate.
Pursuing Primary SSI Argumentation through Teacher Development
The pursuit of SSI implementation at the primary level is demanding and in no way a
diminutive task. The very nature of SSI challenges students to reassess their preceding
discernment, and to potentially alter their conceptual understanding of subject matter through
personal experiences and social discourse (Zeidler & Nichols, 2009). Therefore, implementation
at the primary level is taxing, but no less necessary. In order to move toward this objective,
attention must be paid to preservice and in-service programs that best develop teachers’ identities
toward SSI and related humanistic approaches to science education. Simply put, argumentation
skills and informal reasoning skills cannot be learned even through the most sophisticated SSI
pedagogical strategies if teachers are ill-prepared to implement them.
Kim and Hand (2015), conducted a multiple case study analysis in which they evaluated
how student discussions in science were affected by the discourse/argumentation patterns of their
respective teachers. Six, female elementary teachers were selected from a group of 30 willing
participants based on their attained scores (i.e., three high, one medium and two low) on the
modified Reformed Teaching Observation Protocol (RTOP) and featured 100% inter-rater
agreement on their respective assessments. The modified RTOP is an evaluative tool featuring 13
points designed to assay communication between teachers and students and amongst students
through argumentation. The investigators provided professional development (PD) in the Science
Writing Heuristic (SWH) based upon Ying-Chih Chen’s Framework to all 30 teachers in order to
blind the twenty-four non-study participants and supplied more intensive, focused PD to the six
selected instructors.
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Data from this investigation found no discernable differences between medium-level and
low-level teachers, resulting in the amalgamation of the two groups into a single entity (i.e., lowlevel teachers). However, further comparison of the unified low-level group to the high-level
teachers yielded significant differences in terms of engagement of students in argumentation.
High-level teachers allowed more time for student talk and afforded it with greater frequency
than low-level instructors, along with facilitating discussions between students that support the
incorporation of experiences or evidence into conversations. Additionally, students in high
RTOP classrooms challenged, supported and defended comments in the critique category (i.e.,
how teachers and students consider each other’s ideas) more frequently and their subsequent use
of reasoning (e.g., applying evidence to contest, support or rebuff concepts, or offering personal
experiences) was higher across all components as well. Kim & Hand (2015) concluded that if
teachers assist students in utilizing personal experience and background knowledge as they
engage in argumentation, they grasp associated concepts more easily and learn to integrate
evidence into their classroom discussions. This information correlates with the 2007 TSTS report
that student understanding of the natural world can be built upon and Sadler’s (2004a)
conclusions that personal connections, valuation of claim justification and attending to additional
perspectives provide the necessary components for enhanced argumentation in science
classrooms. Simply put, argumentation and SSI require educators to possess and/or develop
skills to guide learners as they engage in discourse. They must also begin to move towards a
facilitation role as students evolve their discursive skills and become independent learners.
Unique components of SSI argumentation make it more effective than traditional discourse
within science classrooms because they incorporate elements of multiple perspectives (i.e.,
perspective taking), skepticism, and social implications into consideration when engaging in
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scientific deliberation. Neglecting to cogitate these ideas when reaching a decision can create a
cavity in one’s reasoning and prevents individuals from seeing a broader picture, thereby limiting
their independent moral development (i.e., empathy and understanding), their ability to resolve
controversy and construct knowledge socially (Kahn & Zeidler, 2016). Rather, evidence has
suggested: that controversy is the main component of a science curriculum that promotes the
development of scientific literacy; that science itself is not a linear endeavor, and that students
must address ethical quandaries within science education to prepare them to participate in
societal discourse (Zeidler & Kahn, 2014).
The Effects of Perspective Taking on Socioscientific Reasoning
The embedded controversy of SSI is a direct result of the open-ended, contentious
dilemmas presented to individuals, which give rise to multiple perspectives on how to engage,
manage, and create solutions to the ill-defined problems (Sadler, 2004a; Zeidler, 2014). It is from
these various, divergent viewpoints that students are confronted with facts and opinions that may
be contrary to their personal, core beliefs (Zeidler & Kahn, 2014). This engagement of students
into SSI promotes the development of socioscientific reasoning, a type of critical analysis,
through which alternative arguments and positions can be developed (Kahn & Zeidler, 2016;
Kinslow & Sadler, 2018).
Founded on four key epistemic ideas (i.e., complexity, perspectives, skepticism, and inquiry), the
SSR framework was created to identify the typical kinds of reasoning contained in most SSI,
with the goal of promoting effective citizenship (Sadler et al., 2007).
A crucial requirement to the implementation of SSI is the integration of perspective
taking as it provides students with exposure to the diverse cognitive and emotional perspectives
of others (Kahn & Zeidler, 2016). Often defined as the ability to walk in another person’s shoes,
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it is a component of social cognition and more than merely seeing the world through an
alternative standpoint (Ormrod, 2008). It encompasses the way individuals cogitate how others
will act, think or respond to external stimuli generated by their presence or social interaction
(Ormrod, 2008). Therefore, it is necessary to identify how perspective taking influences decision
making through socioscientific reasoning.
Similar to the definition of scientific literacy from not long ago, the term “perspective
taking” remains vague and unrefined within the realm of science education (Kahn & Zeidler,
2019). Kahn & Zeidler, point out that the lack of clarity regarding perspective taking exists
within science education is evident by examining: the array of measures of perspective taking
including the number of different “reasoning modes” students utilize (Wu & Tsai, 2007); the
extent to which one considers diverse opinions and imagines oneself in another’s situation (Lee,
et al., 2013); whether arguments represent personal, societal, or global concerns (Lee, Chang,
Choi, Kim, & Zeidler, 2012); one’s ability to formulate counter positions and rebuttals (Sadler &
Donnelly, 2006), and the ability to conceptualize a problem beyond one’s own personal
framework (Sadler, Barab, & Scott, 2007). These variations result in the watering down of the
term “perspective taking” and justify the need for researchers to clearly define the parameters of
its use within the scope of their work.
By combining the informal reasoning model of Sadler & Zeidler (2005) (See Figure 2,
page 28) and the SSR framework of Sadler et al. (2007), Kahn and Zeidler created a hybrid
paradigm of perspective taking (See Figure 3, page 45) that helps produce a clearer definition of
its elements. The new template features the integration of the three informal reasoning patterns
(intuitive, emotive, and rationalistic) from the Sadler & Zeidler (2005) model under a single
overarching idea of moral judgment. Kahn & Zeidler (2019) further distinguished each type of
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informal reasoning to correlate with more detailed aspects of psychological constructs (i.e.,
intuitive – theory of mind, emotive –empathy, and rationalistic – role-playing). Each structure
imparts greater understanding of informal reasoning and presents researchers with more defined
parameters that can be used to evaluate SSI and elements of the SSR framework.

Figure 3. Components of Socioscientific Reasoning (SSR). Note. From “A Conceptual Analysis of Perspective Taking in
Support of Socioscientific Reasoning” by S. Kahn & D.L. Zeidler, 2019, In Science & Education, Volume 28, Issues 6-7, p. 628.
Springer Nature B.V. Copyright 2019. Reprinted with permission from Springer.

Theory of mind (ToM) is characterized as the ability to interpret the mental state of an
individual (e.g., oneself or others) (Flavell, 2004; Lonigro, Baiocco, Baumgartner & Laghi,
2017) in order to predict their thoughts or intentions (Preckel, Kanske & Singer, 2018).
It is a sociocognitive skill developed during childhood and plays a significant role in the ability
of children to function socially (Lonigro et al., 2017). Empathy is primarily defined as the
capacity to understand and share another individual’s feelings or emotions (Brown, Thibodeau,
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Pierucci & Gilpin, 2017). Closely aligned with the affective domain, empathy has been linked to
prosocial behaviors which are predicated on moral emotions, tend to be voluntary in nature and
assists others with no expectation of benefit in return (Eisenberg & Morris, 2004). Role-taking
according to Selman, is not capable of being realized until middle childhood (Selman, 1971).
Unlike ToM (when individuals predict a person’s mental state) and empathy (when children try
to understand the feelings of others), role-taking is the actual assimilation of another person’s
frame of reference as one’s own (Selman, 1971). It can be argued that role-taking is the most
complex of the three associated informal reasoning tasks, as ToM and empathy in many ways are
prerequisites necessary to be successful at role-taking.
Perspective taking is a fundamental skill necessary for individuals to function within
variable social circles. When examining Kahn & Zeidler’s (2019) framework, it becomes a
blueprint for practical skill development (i.e., formulating arguments, counterarguments and
rebuttals). Generating arguments, specifically persuasive arguments, are linked to skills
specifically encompassed under ToM (Lonigro et al., 2017). Analyzing and interpreting the
mental state of another successfully allows individuals to construct arguments in such a way that
others may align themselves with their beliefs. This type of rationale does not necessarily require
the inclusion of affective empathy or role-taking and can be accomplished through hetero- or
self-oriented strategies (Lonigro et al., 2017). Counterarguments and rebuttals on the other hand,
present formidable challenges to young students and require them to “compare, contrast, and
distinguish different lines of reasoning” (Khishfe, 2014, p. 976). In terms of the perspective
taking framework this is the association and interaction of ToM, empathy, and role-taking
constructs. Unlike formulating claims, counterarguments and rebuttals require students to have a
deeper understanding of the topic being discussed and employ skills related to ToM, empathy,
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and role-taking as one considers the alternative position or perspective and formulates a
corresponding response. The use of socioscientific issues fosters the formation of persuasive
arguments, counterarguments, and rebuttals by presenting students with the opportunity to
engage in discourse that is open-ended and receptive to interpretation from unique standpoints.
This in turn allows students to develop necessary SSR skills, increase perspective taking abilities
and promote moral reasoning and prosocial behaviors.
The use of sociocultural instruction like SSI, is not and should not be limited to science
education. Instructors, particularly at the elementary level should provide opportunities for
students to engage in other controversial issues that support and facilitate the use of perspective
taking in other subject areas (e.g., social studies and language arts). In addition to aligning with
current NGSS Science Standards, socioscientific issues have been shown to reinforce specific
facets of English Language Arts and Math with regard to Common Core and Social Studies in
terms of the National Council for Social Studies (Kahn & Hartman, 2018). In social studies, for
example, this can be accomplished through debate/discussion of historical events or perhaps,
through the deliberation of personal motives of historic characters. These issues can be
contemplated and analyzed within the time events took place and compared to decisions that
individuals would choose in today’s modern society. Language arts is another discipline that
could also integrate perspective taking into the curriculum with little effort. By allowing students
to deliberate the viewpoint of the story’s antagonist through a trial scenario, teachers can present
students with opportunities to engage in perspective taking strategies. Instruction structured in
this manner could provide a more holistic education for individuals as they engage in additional
perspective taking events and further develop skills associated with SSR.
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The Influence of SSI on Epistemological Development
The benefits of the SSI instructional model extend well beyond the practice of informal
reasoning, perspective taking, and the cross-disciplinary concepts intrinsic to its nature. One of
the main draws toward the SSI model stems from the fact that SSI serve as a medium for
epistemological beliefs and an avenue for research into the progression of conceptual and
psychological knowledge structures (Zeidler, 2014). Epistemology, originating from Piaget’s
theories of cognitive development and Perry’s studies of students’ intellectual development,
explores the relationship between learning and the beliefs that students hold about the nature of
knowledge and the process of its acquisition (Hofer & Pintrich, 1997). In their 1997 work, Hofer
and Pintrich put forth four dimensions to better represent the core structure of individuals’
epistemic beliefs, including certainty of knowledge, simplicity of knowledge, source of
knowledge, and justification for knowing. The first two apply to the nature of knowledge, while
the last two refer to the process of knowing.
Epistemic beliefs and metacognition (awareness and understanding of one's own thought
processes) also are widely acknowledged by researchers as intimately affiliated (Hofer, 2004;
Mason, Boldrin & Ariasi, 2010; Tsai, 2004). This is exemplified in Kitchener's (1983) proposed
three-level model of cognitive processing, which elucidates how people solve ill-structured
problems. Consisting of cognition, metacognition, and epistemic cognition, the first level of the
model refers to cognitive processes (e.g., memorizing, reading, and acquiring basic information).
The second level includes metacognitive processing such as monitoring strategies or progress in
cognitive tasks of the first level (e.g., cognition). The third level, known as epistemic cognition,
involves rumination on the certainty of knowledge and the criteria of knowing. Each level is
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foundational for the next, and the last level in particular, epistemic cognition, may have some
bearing on monitoring processes or strategies adopted in the tasks of the first two levels.
It is important to note that epistemology researchers agree that individuals’ epistemic
beliefs are correlated to their experience in disciplinary contexts, meaning that an individual's
epistemic beliefs concerning the science domain could diverge from that same individual's
epistemic beliefs regarding a historical domain (Buehl, Alexander & Murphy, 2002). Therefore,
for the purposes of this paper, scientific epistemological beliefs become the vanguard. So too, are
the impacts of those beliefs on both the thinking about ethical issues and the subsequent
development of reflective judgement in terms of how students deduce and assess related
evidence.
Liu, Lin and Tsai (2011) considered the assumption of relationships between scientific
epistemological views (SEV) and how students are apt to reason while making decisions on SSI
about environmental management of invasive species. Their research notes that many previous
studies already have indicated that peoples’ epistemological views influence their decision
making (Sadler, Chambers, & Zeidler, 2004; Schommer-Aikins & Hutter, 2002; Zeidler, Walker,
Ackett & Simmons, 2002). Others also note that knowledge of NOS is a prerequisite for one to
generate an opinion about a science-related issue (Kolstø, 2001a), though NOS comprehensions
often are appraised from varying positions (Abd-El-Khalick & Lederman, 2000; Tsai & Liu,
2005). Therefore, this study sought to delineate and clarify the reciprocal relationship between
the two domains, scientific epistemological views (SEVs) and decision making on SSI. A mixed
methodology, combining both qualitative and quantitative data collection approaches, was used
to authenticate the assumption and explore the patterns of interaction between the two constructs.
One hundred seventy-seven college students (60% science and 40% non-science majors)
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completed a SEVs survey developed by Tsai and Liu (2005) that contained five subscales that
analyzed: beliefs about the nature of scientific knowledge into the role of social negotiations in
science communities; invented and creative nature of science; theory-laden quality of scientific
exploration; cultural impacts of science; and, the changing and tentative features of science
knowledge. Lin et al. (2011) honed in on two dimensions of students’ responses to the SSI
topics: reasoning modes of evidence students employed to advance their arguments, and their
thinking disposition for developing criteria to assess those arguments.
In order to differentiate higher order thinking skills with lower order ones, a coding
scheme was developed to contrast: a) recognition of issue complexity versus the giving of
information irrelevant to decisions, b) consideration of multiple perspectives versus the accepting
of a single perspective, and c) the questioning of omniscient authority versus acceptance of said
authority. Their results demonstrated that tentativeness and creativity of SEVs are the significant
components directly discernible in the socioscientific decision-making process. Interestingly,
researchers noted statistical differences favoring non-science majors adopting ecological, ethicaesthetic and social-economic reasoning modes over science majors. Science majors also were
more likely to utilize a single reasoning mode in their decision-making process, whereas nonscience majors had a higher tendency to reason from several perspectives. Moreover, students
who maintained changing and tentative beliefs about scientific knowledge were more prone to
recognize the complexity, adopt multiple perspectives, and question omniscient authority in the
decision-making process. Thus, in a sense, though science majors were likely to have higher
levels of science content knowledge, they were less likely to understand that multiple modes of
reasoning were available to them in their evaluation of the SSI.
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As such, Tsai & Liu’s (2005) study underscores the need for educational programs that support
issue investigation and decision making through multiple reasoning modes, as well as
interdisciplinary thinking.
Zeidler et al. (2009) set out to explore the relationship between SSI instruction and the
advancement of epistemological development (i.e., reflective judgment) in Anatomy and
Physiology (A&P) upper level high school students. The study followed an SSI framework that
introduced students to moral problems containing multiple discrepant scientific, social or moral
viewpoints; these were often at odds with students’ closely held beliefs. The curriculum was
designed to be educationally sound in the area of A&P and yet personally relevant, in that it
imparted ample opportunities (through both interaction and discourse) for student reflection,
evaluation, analysis and assessment of scientific topics. Two classes (one honors and one nonhonors class) were randomly selected for the treatment group and two classes (one honors and
one non-honors) were placed in a comparison group. Explicit NOS instruction was imparted to
all four groups. In addition to NOS instruction, the two comparison groups were taught via
traditional texts, lectures and laboratory investigations. The treatment group received the same
NOS instruction, but was also exposed to NOS embedded within a SSI framework that
considered content-transcending themes (Kolstø, 2001b) in accord with the method of
confronting and contesting core beliefs through all forms of discourse and argumentation. The
course content was embedded within the SSI and topics ranged from organ transplant allocation,
marijuana safety and fluoridated water to stem cell research, euthanasia, quality of life issues,
fast food consumption and other contemporary subjects that were deemed socially relevant by
both the researchers and course instructor. Each SSI required between three and seven classes to
complete, but connections between context and content were recounted on multiple occasions
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throughout the academic year. Researchers used a mixed-method strategy and acquired data on
the Prototypic Reflective Judgment Interview (as defined in King & Kitchener, 1994, 2002,
2004) to appraise reflective judgment developmental levels. Four independent raters coded the
dominant stage of reflective reasoning with 100% agreement and coded the less dominant stages
with 90% agreement. Quantitative results showed statistical significance from pre to post-test
within the SSI treatment group having a moderately large effect size. No statistical differences
were found within the comparison group. In addition, qualitative data analyses plainly revealed
more distinctive differences in terms of epistemological development during the course of the
academic year. It is important to note that the data also demonstrated that students do not purely
progress in their epistemological reasoning homogeneously across all contexts. For example, a
student may experience developmental augmentation when addressing stem cell research, but he
or she may still fail to advance to higher reasoning levels in the areas of science and religion.
This is because deeply ingrained core beliefs absolutely affect student evaluation of evidence and
because the nature of SSI reasoning is simply highly contextualized. The researchers also noted
that the relationship between advanced stages of reflective judgment and more sophisticated
views of NOS is a reciprocal one, as both require processes of inquiry that are data-driven, allow
for the probabilistic nature of data, and are open to reevaluation. Additionally, there also exists
an important theoretical difference between NOS and reflective judgment conceptualizations:
RJM is guided by a cognitive-developmental progression, while no equivalent model exists for
NOS research. Developmental processes for NOS ideas are works in progress. Even still, this
study lends credence to the idea that SSI instruction may have the added advantage of
entrenching NOS within a scientific context that is, in effect, theory laden and data driven in
addition to being socially and culturally embedded.
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In terms of scientific epistemic beliefs (SEBs), Hsu, Tsai, Hou, & Tsai, (2014) sought to
examine the role students’ different levels of SEBs play in their online information searching
strategies and behaviors. Based on the measurement of an SEB survey developed by Conley,
Pintrich, Vekiri, & Harrison (2004), 42 undergraduate and graduate students in Taiwan were
recruited from a group of 240 students and were separated into subsequent sophisticated (those
with scores in the top 25%) and naive SEB groups (those with scores in the bottom 25%). Once
the two groups had been finalized, the students' self-perceived online searching strategies were
evaluated by the Online Information Searching Strategies Inventory (OISSI). Each student’s
searching process (including Web sites browsed sequentially, as well as links or buttons clicked)
was recorded by the screen-capture software, Camtasia. Once they finished the task, they then
completed the OISSI. The OISSI theoretical framework established in Tsai and Tsai's (2003)
study used a multiple-case study followed by cross-case comparisons in order to profile students'
cognitive strategies for conducting a Web search task into seven aspects (Control, Disorientation,
Trial and Error, Problem-Solving, Purposeful Thinking, Selecting Main Ideas, and Evaluations)
categorized into three domains (Behavioral, Procedural, and Metacognitive).
Participants spent about 20 minutes completing the searching task, and there was no
statistically identifiable difference between the two SEB groups in the time spent on the task.
Yet, the results showed that those students with more sophisticated SEBs tended to employ more
advanced online searching strategies and to demonstrate a metacognitive searching pattern.
More specifically, the students with high SEBs were inclined to attempt various queries, whereas
those with low SEBs rarely did. Secondly, after entering their queries, the high SEB students
were inclined to explore the result pages regularly and almost systematically, implying the
behavior of looking through multiple sources, while the low SEB students were less likely to
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browse the result pages, or if they did, they browsed them sloppily. Third, when surfing the Web
content, the high SEB students tended to consistently compare the information among the Web
sites by clicking the previous button of the browser; the low SEBs did not. Lastly, some evidence
supported the idea that the low SEB students seemed to respond to the questions separately and
incomprehensively. Researchers also noted that during the online information searching
activities, those with advanced SEBs possibly believed in complex and tentative knowledge,
which by extension directed them to reflect on metacognitive ideas such as how to find
supportive evidence effectively and efficiently (Hsu et al., 2014). This type of metacognitive
process would drive them to purposefully filter the online information. These findings support
previously completed studies (Lin & Tsai 2008; Tu, Shih & Tsai, 2008), which put forward the
idea that students of more advanced epistemic beliefs may well adopt more sophisticated
evaluative standards and strategies to assess online information.
Wu and Tsai (2011) also studied scientific epistemological beliefs (SEBs) and cognitive
structures, but looked at how they applied to informal reasoning on a SSI concerning nuclear
power. They used dual process theory (Evans, 2003; Wu & Tsai 2007), to contrast 68 high
school students’ initial unconscious, pragmatic and contextualized preliminary (intuitive)
reactions from conscious and deliberative reasoning used to justify those initial reactions and
formulate a final decision. The participants’ SEBs were assessed by means of the same
quantitative instrument used in Hsu et al. (2014), which was based on Conley et al. 2004. They
also included qualitative sources of data (which provided for multiple indicators of reasoning and
argument) in order to explore more acutely the actual structure of students' reasoning and their
modes of informal reasoning about the SSI. Their analysis revealed that students’ beliefs about
the justification of scientific knowledge were significantly correlated with their reasoning
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quality, and also that the extent and the richness of students’ cognitive structures, as well as their
usage of the information processing mode 'comparing', were positively correlated with their
reasoning quality. In other words, the most significant predictors of the quality of students'
epistemological reasoning ability were the capacity to make comparisons and the robustness of
beliefs about the justification of scientific knowledge.
Zeidler, et al. (2013) has lent credence to the contention that common underlying
elements of epistemological beliefs can intersect and perhaps even traverse culture in terms of
the way individuals frame, justify, and reveal socioscientific reasoning patterns on SSI.
Researchers constructed a mixed-methods design that allowed them to consider how more than
300 high school age students from Jamaica, South Africa, Sweden, Taiwan, and the United
States conceptualized and justified their decisions associated with distributive justice regarding
the allocation of scarce medical resources. The study honed in on: commonalities and unique
differences among reasoning patterns relative to distributive justice and normative views of
fairness; the prioritization of scientific information related to the SSI; and, relationships between
cultural identity and students’ epistemological beliefs about science. Students were asked to
respond to an open-ended instrument (Decisions about Socioscientific Issues) and the
Epistemological Beliefs Assessment for Physical Science (EBAPS), both of which were
translated into appropriate native languages by at least two native-speaking researchers.
Responses were subsequently back-translated into English, which allowed four researchers to
independently code the data with 97% inter-coder agreement. Further discussion of coding
discrepancies resulted in nearly 100% agreement.
Results indicated there is a reliable trend toward epistemological congruity across
cultures within inductively derived themes of: 1) Fairness; 2) Pragmatism; 3) Emotive
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Reasoning; 4) Utility; 5) Theological Issues, and numerous sub categories. Students from all
countries displayed a high degree of congruence in deference to how they framed their reasoning
on the SSI and justified their epistemological beliefs. Specifically, quantitative analyses revealed
several significant differences such as student ranking preferences for distributive justice by
country, which showed a moderately large effect size for the relationship between country and
preference toward selecting criteria for allocating rare resources. A moderately large effect size
also was found for the variance of epistemological justification of their choices due to country of
origin. Significant differences also were revealed regarding the ability to raise scientifically
relevant questions across countries. Lastly, students’ results on the EBAPS yielded significant
differences on dimensions of: 1) Structure of scientific knowledge; and 2) Nature of knowing
and learning. And so, while this study confirms a degree of epistemological congruence among
sample students from these countries in terms of how they frame, justify, and reveal reasoning
patterns on SSI, the quantitative results also showed some nuanced distinguishing features of
scientific justification and epistemological orientations on SSI. As such, while it meets a
knowledge threshold around which argumentation quality can reasonably be expected to increase
(Sadler & Donnelly, 2006; Sadler & Fowler, 2006), it is also reasonably probable that some
degree of epistemological sophistication is also required to enact features of SSR. The
importance and benefit of SSI analyses and the use of moral and epistemological frameworks
within educational frameworks can, therefore, not be underscored.
The College, Career, and Civic Life (C3) Framework –A Bridge Between Socioscientific
Issues and Social Studies Education
It is clear from the empirical work pertaining to SSI that its instructional model is
applicable to many academic disciplines. Numerous research papers highlight the emergent
cross-disciplinary connections of SSI topics; such research confirms there are many dimensions
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implicated in the process of students’ informal reasoning and informal argumentation (Albe,
2008; Chang & Chiu, 2008; Ekborg, 2008; Jallinoja & Aro, 2000; Keselman, Kaufman, & Patel,
2004). SSI usually are discussed from broader perspectives, as they tend to identify well with
endeavors like: sustainable development (Chang, Yeung & Cheng, 2009; Simonneaux, 2001;
Simonneaux & Simonneaux, 2009), ethics (Sadler & Donnelly, 2006; Zeidler & Keefer, 2003;
Zeidler et al., 2005), and ecology (Colucci-Gray, Camino, Barbiero, & Gray, 2006). In their
analyses of more than 100 empirical studies, Chang Rundgren and Rundgren (2010) found that
the three aspects of value, personal experiences, and knowledge were influential, prevalent
factors in SSI argumentation; these aspects specifically connect with and impact subject areas
that span several disciplines, such as science, sociology, environment and economy (Chang et.
al., 2010). SSI are often thought of as a single phenomenon, grounded only in science, when they
are in fact, multi-dimensional, and it is important for individuals (young students in particular) to
comprehend that each actually is multi-layered and rather intricate.
One such discipline where carryover from SSI can occur is within the realm of social
studies education. Originally established as an independent subject area in 1916 by the National
Education Association (Ross, 2006), social studies underwent a significant metamorphosis with
the adoption of the Common Core Standards. Fearful of being ostracized from the general
curriculum, leaders from Social Studies Assessment, Curriculum and Instruction (SSACI)
collaborated with the Task Force of Professional Organizations (See Table 2, page 58) to
develop a new outline for social studies education and created the College, Career, and Civic
Life (C3) Framework (Swan & Griffin, 2013).
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Table 2. Task Force of Professional Organizations (Swan & Griffin, 2013, p. 318)
American Bar
Association

American Historical
Association

Association of
American
Geographers

Campaign for the
Civic Mission of
Schools

Center for Civic
Education

Constitutional Rights
Foundation/Chicago

Constitutional Rights
Foundation/USA

Council for Economic
Education

National Council for
Geography Education

National Council for
History Education

National Council for
Social Studies

National Geographic
Society

National History Day

Street Law, Inc.

World History
Association

The design of the C3 framework took social studies education in a new direction. Rather
than emphasizing content knowledge (i.e., dates, names, places, etc.), leaders came to view
social studies education in a more holistic view (Swan & Griffin, 2013). The guiding principles
of the framework became:


preparing individuals for college, career and civic life



promoting inquiry in the classroom



integrating other disciplines into instruction



promoting deeper understanding of concepts



emphasizing skills necessary to be democratic decision-makers and



establishing direct connections to other subject areas (e.g., English Language Arts
and Literacy) outlined by the Common Core Standards (Herczog, 2013).

It is a premise of the present study that these guiding principles provide a conceptually congruent
opportunity for the establishment of a bridge between social studies education and SSI in science
education.
In order to elaborate on this connection, a context for social studies instruction warrants
further explanation. As an outcome of the inquiry-based focus with the new curriculum, social
studies modules are divided into four “dimensions.” Dimension 1 entails students generating
questions and inquiries to presented controversial issues (e.g., civil rights, immigration, etc.).
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Students work collaboratively to generate questions that will guide their inquiry into the topic
and work to discern the types of information necessary to provide answers or insight into
understanding the matter (Croddy & Levine 2014). From these questions, students move toward
Dimension 2 and begin to analyze the issue from civic, economic, geographic and historical
perspectives (Kumler & Vosburg-Bluem, 2014). Taking into account entities such as political
parties, government jurisdiction, public policies, civic rights and federal laws, students begin
reasoning about the topic from multiple perspectives as they work towards addressing the issues
in a civic manner (Kumler & Vosburg-Bluem, 2014). Dimension 3 is characterized by the
evaluation of data and evidence pertaining to the investigated issue as individuals begin
determining primary and secondary sources, weighing the validity of each, and beginning to
formulate conclusions and opinions as they engage with the material (Kumler & VosburgBluem, 2014). These first three dimensions provide a gateway to Dimension 4, where students
share their general findings, discuss and critique each other’s conclusions and move toward
informed action on associated topics (Kumler & Vosburg-Bluem, 2014). Often considered the
most important component of the C3 framework, Dimension 4 develops skills necessary for
active participation in social discourse surrounding real world issues (Croddy & Levine, 2014).
Comparison of SSI and social studies education draws many parallels between the
disciplines. A visual representation of the two methodologies is provided in Table 3 (See page
60). Both socioscientific issues and social studies inquiry, incorporate contentious issues into
their respective curricula.
While SSI instruction is slightly less bounded by specific steps and more open to
instructor discretion (Zeidler & Kahn, 2014), social studies follows a similar path in that students
investigate concepts linked with the controversial topics (Dimension 2), evaluate their sources,
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form conclusions/opinions (Dimension 3), and formally evaluate the findings of classmates
through argumentation and discussion (Dimension 4). SSI by contrast, do not necessarily create
guiding questions, or analyze them from specific perspectives (e.g., civic, geographic, economic
and historical) as they are more fluid and can incorporate additional standpoints (e.g., religious).
They do however weigh evidence, discuss findings with peers and work towards solutions
regarding controversial issues with the goal of encouraging social action.
Table 3. Visual Representation of SSI and Social Studies Instruction
SSI Instruction

Social Studies Instruction

Socioscientific Issues

Contentious Issues

Investigate Perspectives & Scientific
Concepts Associated with SSI

Develop Questions and Inquiry Activities
(Dimension 1)

Evaluate Evidence and Data

Analyze Guiding Questions and Topics
(Dimension 2)

Discuss Information Amongst Peers

Evaluate Evidentiary Sources and Formulate
Conclusion and Opinions
(Dimension 3)

Formulation of Perspectives and Formal
Discourse Regarding SSI

Discuss Findings and Critique Conclusions
(Dimension 4)

Attempted Resolution or Compromise of SSI

Informed Action
(Dimension 4)

Potential Social Action

Both manners of instruction have their unique methodologies, yet they both have the
same common goals. Those aims are to promote effective citizenship (Sadler et al., 2007;
Herczog, 2013; Zeidler et al., 2009) and disciplinary literacy (i.e., scientific literacy and social
studies literacy) for all individuals. By integrating the two subject disciplines educators can tap
into the full potential of peer education, informal reasoning through perspective taking and moral
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development. Only by supporting a constructivist approach to education can teachers come to
help students become socially-scientific literate consumers capable of thriving in an everchanging global society.
Summary
The analyses of the topics above serves to demonstrate that SSI instruction and discourse
enhance informal reasoning and the collaboration between the construction of knowledge and
moral development. Psychology tells us that students aged 6-12 begin to understand their
personal, conceived ideas about varying topics may be incorrect and that other individuals may
hold alternative perspectives on contrasting issues. This fluid reasoning suggests elementary
students are capable of participating in SSI topics and should engage in these open-ended,
contentious issues to enhance informal reasoning skills. With the SSR framework in mind, this
study sought to advance the functional scientific literacy of students through the use of SSI
instruction, informal reasoning and cross-disciplinary concepts within elementary education.
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Chapter Three: Methods

Introduction
The primary focus of this study was to evaluate the effects of socioscientific issues (SSI)
on the informal reasoning patterns of elementary students and assess if informal reasoning skills
transfer when facing controversial issues in other subject disciplines (i.e., social studies and
language arts). SSI are ill-structured, contentious quandaries that often have no definitive
solution, thus students are forced to discuss, debate and compromise with other participants as
they navigate each issue. According to Sadler (2003), student engagement in informal reasoning
is a necessity in the development of arguments and positions when participating in SSI debates.
The skills associated with generating persuasive arguments are linked to Theory of Mind (ToM)
(Lonigro et al., 2017) and the formation of counterarguments and rebuttals are derived from the
interaction of ToM, empathy and role-taking (Khishfe, 2014), all of which have been linked to
the domain of perspective taking and by proxy informal reasoning skills.
The principal investigator selected three socioscientific issues (SSI) and three social
studies context issues (SSCI) for use in this study. A list of all units and implemented dates can
be found in Table 4 (See page 63). For this investigation, the SSI units were presented by the
principal investigator to all research participants during their assigned 55-minute science blocks
over the course of three months (i.e., January – March). During this time, the principal researcher
utilized pre-activity and post-activity questionnaires for each topic to evaluate the informal
reasoning skills of students when engaged in SSI.
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Table 4. Selected SSI and SSCI Units and Implementation Dates
SSI Units

Time Implemented

SSCI Units

A Need for Speed?

January

The Civil War

Roller Coaster Ban

February

Fort Laramie Treaty (1868)

“Mined” over Matter

March

Immigration

Concurrently (i.e., January – March) students independently completed three SSCI topics that
were presented to them outside of their assigned science class. Students were given 60-minutes
to complete each SSCI, which featured a two-page informational text and four open ended
questions (i.e., questionnaires used for qualitative data collection). Six research participants
completed each SSCI during their assigned language arts block time and 15 students completed
each SSCI during their assigned social studies block. Students completing the SSCI during their
social studies block were given two class periods as each social studies class only allocates 30
minutes for direct instruction.
This investigation featured a SSI curriculum that addressed the scientific practices,
crosscutting concepts and disciplinary core ideas (i.e., physical, life, and earth standards) defined
within A Framework for K-12 Science Education (National Research Council, 2012). The
principal researcher used a qualitative methods approach to investigate the informal reasoning
strategies individuals used during SSI activities, identified specific incidences of perspective
taking, and distinguished different levels of SSR by way of questionnaires in science and either
social studies or language arts courses. The data collected was qualitatively analyzed and the
results are discussed in detail in Chapter Four.
The remainder of this chapter re-examines the research questions that guided this study
and provides clarification of the research design and methodology used. Further, it includes
63

information pertaining to: the study population, identification of study instrumentation, a
rationalization for the selection of specific SSI units, the application of the SSI and social studies
context units, specifies the methods of data analysis applied and discusses limitations associated
with the context of the research.
Research Questions
RQ1. When presented with controversial issues (i.e., within science and social studies contexts),
what types of informal reasoning (e.g., intuitive, rationalistic, emotive) are evident in elementary
student responses prior to SSI instruction?
RQ2. After participating in an extended SSI curriculum, what types of informal reasoning are
present in elementary student responses when negotiating controversial issues in a science
classroom?
RQ3. After elementary students are presented with controversial issues in a social studies
context, to what extent are informal reasoning skills associated with SSI evident in student
responses prior to and after participating in an SSI curriculum in science?
RQ3a. How do informal reasoning patterns utilized by students in a social studies
context compare to the application of informal reasoning skills within a science domain
when navigating controversial issues?
Elaboration of Research Questions
These research questions are primarily focused on informal reasoning skills associated
with SSI and the subsequent application of these reasoning skills to other contentious issues
originating outside the science classroom. Informal reasoning is an embedded component of the
perspectives construct within the SSR framework, which contain emotive, intuitive, and
rationalistic reasoning trends as defined by Sadler & Zeidler (2005). The order and structure of
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the guiding questions are designed to evaluate the overall change in informal reasoning patterns
as a result of partaking in an SSI curriculum and assess to what extent students will utilize SSI
reasoning trends when facing additional contentious issues. Collectively, these questions defined
the parameters of the investigation that evaluated pre-existing informal reasoning skills (in
science, social studies and language arts courses), assessed the development of these skills over
time through the engagement of an SSI curriculum and compared the application of informal
reasoning skills between the individual SSI units and the various subject disciplines.
Research question one focused exclusively on the establishment of a baseline for
informal reasoning skills in elementary students. By measuring the current reasoning abilities
and trends of students in science and social studies contexts prior to engaging in SSI activities,
the principal researcher was able to identify changes that occurred over time as a result of
participation in SSI. It also provided the principal investigator with additional information from
which to infer more accurate conclusions.
Question two addressed the evolution of informal reasoning skills as students progressed
through various SSI topics. Similar to the way Sadler & Zeidler (2005), documented the informal
reasoning patterns of college students as they participated in SSI; this study tracked informal
student reasoning patterns across different SSI units implemented during the investigation. This
information was compared/contrasted with previously attained data associated with research
question one, to evaluate the extent informal reasoning was impacted by student participation in
a SSI curriculum.
Finally, question three and the affiliated sub-question addressed the overall impact of SSI
on informal reasoning skills within a social studies domain and compared how students utilize
these reasoning skills to those used within the science classroom. Like research question two,
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question three evaluated the progression of informal reasoning patterns in social studies and
language arts classrooms prior to, during, and after engaging in an SSI curriculum. By doing this,
parallels could be drawn between the content areas and determine if transference occurred
because of the implementation of SSI.
Research Design
This study employed a qualitative design using elementary students enrolled in an
academically gifted program (AGP). All individuals participated in an SSI curriculum,
comprised of three specific controversial issues implemented over the course of three months.
Each SSI unit included a hands-on activity, reading articles, computer-based research and a
group debate. The structure of the individual SSI units are discussed in more detail in the latter
parts of this chapter. Additionally, students engaged in controversial issues through independent
readings and questionnaires during their language arts or social studies course. Details on the
application and assessment of controversial issues in these environments is explained in depth
below.
Qualitative methods were used to gain insight into how SSI influence informal reasoning
skills and assess the transference of these skills to controversial issues in a social studies context.
The use of qualitative methods was appropriate in this investigation as they were more conducive
to examining the nuanced reasoning and the justification of students in informal discussions than
quantitative measures (Lincoln & Guba, 1985). Lincoln and Guba (1985), also suggest that when
individuals are the instruments for assessment, they will gravitate towards qualitative measures
because they mirror more natural activities like talking, reading, and listening. All qualitative
data collected during this study was attained from the open-ended questionnaires.
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In this situation, it was not necessary to perform interviews to capture data as it was assessed
through documents or records used when evaluating inconspicuous measures (Lincoln & Guba,
1985; Rosengren, 1981; Sechrest, 1979).
A driving question of this study focused on the transference of informal reasoning skills
from SSI to controversial issues in other contexts. As a result, data pertaining to the informal
reasoning patterns of students needed to be collected outside each participant’s science
classroom. To accomplish this objective and provide enough time for students to read articles
and complete the associated questionnaires, the principal researcher recruited three fifth-grade
teachers Mrs. Smith, Mrs. English, and Mrs. Williams (all names have been changed to provide
confidentiality for teachers and study participants) to facilitate the implementation of social
studies context issues (SSCI). These instructors were identified by the principal investigator as
having access to specific groups of research participants in either a language arts or social studies
classroom.
The principal investigator organized the informational text and evaluative measures into
independent work packets that could be completed in either subject classroom. The packets
featured a two-page informational text regarding each issue and the SSCI questionnaire. Students
were given 60 minutes in the language arts class to complete each packet, while students in the
social studies classes were given two - 30 minute blocks to finish. By arranging the evaluations
in this manner (i.e., completing packets independently), the principal investigator was able to
control the amount of time provided to finish each evaluation and ensure no external effect or
influence from secondary teacher instruction.
A necessary component of this study’s research design was the deception of study
participants regarding the evaluation of informal reasoning skills in other subject disciplines.
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For instance, study participants were unaware the external evaluations given in their language
arts or social studies class (i.e., The Civil War, The Fort Laramie Treaty (1868), and
Immigration) were part of the principal researcher’s study. The principal investigator believed
that if participants knew the questionnaires given in the language arts and social studies
classrooms were part of the investigator’s study, student answers would be skewed and
participants would immediately apply strategies learned during SSI activities. That is, students
would artificially incorporate multiple perspectives and evidence into their responses when
filling in questionnaires. By not informing students of the outside science classroom
requirements, it was believed that students would provide a more authentic response to outside
controversial issues and allow for greater insight into the effects SSI had on their informal
reasoning skills.
Additionally, the principal investigator altered the questionnaire formats and wording for
SSI and SSCI units to further the deception of the study. SSCI questionnaires featured four openended questions, while SSI questionnaires featured five. The principal investigator split question
two on the SSCI questionnaire into 2 separate questions on the SSI evaluation. During data
analysis, the principal researcher combined the answers from questions 2 and 3 on the SSI units
and classified them as Question 2 in all charts. It was believed this would provide more
distinction between the assignments and inhibit students from drawing similarities between the
activities.
Population and Sample
The population for this study were twenty-one (n=21) fifth grade students (ages 10 – 11)
enrolled in a public elementary school located in the United States. Twenty-four individuals,
classified as “gifted” learners, were targeted for participation in this investigation. However, one
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student chose not to participate in the study (i.e., student did not provide written assent), one
student requested to leave the study during the investigation (i.e., student did not want to fill out
questionnaires) and another was withdrawn due to a family vacation that resulted in the student
not being present for the baseline data collection. The removal of these three individuals resulted
in the final population of twenty-one participants. Each student was assigned to the primary
instructor, certified in gifted education, to ensure they received an accelerated curriculum in
science. Due to the fact that students were assigned to the principal researcher, rather than
through a criteria-driven selection process, it was impossible to maintain control of certain
factors (e.g., gender, race, etc.). This resulted in a convenience sample being utilized with a
demographic breakdown presented in Table 5.
Table 5. Demographic Breakdown of Study Participants
Ethnicity

Female

Male

Total

Hispanic

1

0

1

Black

0

1

1

Multiracial

0

1

1

White

1

3

4

Asian / Pacific Islander

8

6

14

Totals

10

11

n = 21

To protect the rights and interests of the research participants, informed parental consent
was attained by the principal investigator prior to data collection. The principal researcher held
an informational meeting for parents at the school to review the study parameters, inform parents
of the necessity for temporary deception of research participants, address concerns, answer
questions, and finalize parental consent for individuals to participate. Parents not attending the
informational meeting were contacted by phone to determine if their student could participate in
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the research study. A copy of the Parental Informed Consent Form (See Appendix D) was sent
home in a sealed envelope, which was then returned to the principal investigator. After parental
consent was received, students were given a copy of the Student Assent Form (See Appendix E).
This document was read aloud by the principal investigator and reviewed with research
participants during one class period. All student questions were answered prior to students
signing the Student Assent Form. This was an additional precaution meant to protect the
students’ educational rights and acknowledge their decision to willfully engage in this research
investigation. As previously stated, one student chose not to participate in this study, despite the
principal investigator receiving parental consent for their participation. This student participated
in all SSI and SSCI activities, but no data was collected on this individual.
Instrumentation
Socioscientific Issues Pre-activity / Post-activity Questionnaires: The pre-activity and
post-activity questionnaires of this study (See Appendix F) were derived from the First Interview
Questions (See Sadler & Zeidler (2005), p. 134) utilized by Sadler & Zeidler in their
examination of content knowledge on informal reasoning patterns. These questions were chosen,
as they were more simplified than the Second Interview Questions and could be adapted for use
with multiple SSI topics. The six original questions, modified to five for the final version, would
also be easier for younger students to address through written questionnaires given the fifty-five
minute time parameter of each class. The language of the questionnaires was slightly modified to
be more grade-appropriate. According to the Flesch-Kincaid Readability Level included in the
Spelling & Grammar check in Microsoft Word, the reading level of Sadler & Zeidler’s (2005)
First Interview Questions were rated at a mid-sixth grade level (6.6). The amended
questionnaires of this study had a Flesch-Kincaid Readability Score of a mid-fifth grade level
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text (5.5). All participants in this study were reading at or above grade level during its
application, thus a mid-fifth grade level text was an appropriate level to use when students
worked independently to complete questionnaires. The structure of Sadler & Zeidler’s First
Interview Questions, and by extension, this study’s questionnaires are based on Toulmin’s model
of argumentation. While this model is formal in design, it was used to elicit informal reasoning
responses from research participants. Given this difference, it may be relevant to focus more on
initial student responses to Question 1 items than other questions as they may be more associated
with informal types of reasoning.
Social Studies Context Questionnaires: Questionnaires utilized for controversial issues
associated with social studies contexts (See Appendix G) were also developed using the First
Interview Questions from Sadler & Zeidler (2005). This allowed the principal investigator to
draw parallels between student responses on SSI questionnaires and those completed by students
in language arts or social studies classrooms. The questionnaires implemented in the language
arts and social studies classroom were modified to help facilitate deception within the study.
These questionnaires featured four questions and reworded text, to prevent students from
drawing parallels between the activities and realizing the documents were part of this research
study. The correlation between questions on the SSI and social studies context questionnaires
will be discussed in more detail in the Data Analysis section of this chapter.
Selection of Socioscientific Issues
In order to address this study’s guiding research questions, it necessitated providing
students with continuous exposure to SSI. To that end, a diverse set of SSI covering multiple
science disciplines was employed for three months during students’ science instruction.
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The topics covered addressed, earth science (“Mined” Over Matter), life science/force
and motion (Roller Coaster Ban), and physical science (A Need for Speed?). All units with the
exception of the “Roller Coaster Ban” were taken and modified from Zeidler & Kahn’s (2014),
It’s Debatable: Using Socioscientific Issues to Develop Scientific Literacy. The Roller Coaster
Ban has been utilized numerous times, at the elementary level, by the principal researcher and
followed the general pedagogical approach outlined in Zeidler & Kahn (2014). The principal
investigator has significant experience developing and implementing SSI units and was a direct
contributor to the design of Zeidler & Kahn’s (2014) A Need for Speed? unit (See Zeidler and
Kahn (2014), p. 146). All selected issues for this study aligned with current county and state
science standards, thereby allowing the principal investigator to integrate these SSI units into the
current curricula.
SSI Design and Instruction
Each SSI module was structured in a concise manner to provide students with consistent
instruction throughout the study duration. As previously mentioned each topic entailed the use of
hands-on activities, the incorporation of pro and con articles, the opportunity to perform
additional computer-based research and the engagement of peers through classroom debate.
Table 6 (See page 73) provides a visual representation of a typical SSI unit that was administered
during classroom interventions. This timeline was flexible and students were provided additional
time for hands-on activities, reading, research, and the formation of arguments when necessary.
During the first class, the principal investigator provided students with a hands-on
activity to reinforce the content that was to be covered during the SSI investigation. Elementary
students, even fifth graders, are unfamiliar with all science material involved with navigating SSI
and often require assistance grounding the information into personal experiences. The hands-on
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activity served to refresh and present new content and give the students an experience to draw
from when developing arguments for the classroom debate.
Table 6. General SSI Unit Design
General SSI Unit Design
Class 1 – Hands-on Activity
Class 2 – Presentation of SSI Topic/ Pre-Activity Questionnaire
Class 3 – Form Social Perspective Groups / Read & Highlight Articles/ Group Discussions
Class 4 – Computer-Based Research
Class 5 – Formation of Arguments (using notes, labs, articles and computer research)
Class 6 – SSI Class Debate
Class 7 – Post-Activity Questionnaire
The second class was the general introduction of the SSI topic to students. Students were
then presented with the science pre-activity questionnaire. Students were given the entire 55minute class to answer the questionnaire. During the third class, the principal investigator
announced the social perspectives that the students joined prior to investigating the SSI topic
(Dolan, Nichols & Zeidler, 2009). These “social perspectives” should be viewed as stakeholders
in society that would form strong opinions regarding the proposed SSI topic. During the Roller
Coaster Ban unit, students became members of one of four distinct groups (e.g., neurologists,
teenagers, parents, and theme park owners). In this particular scenario, the teenagers and theme
park owners were opposed to banning children under 16 years of age from riding roller coasters,
while the parents and neurologists were in favor of banning the children from riding roller
coasters. The purpose of these social groups was to provide a safe environment for students
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partaking in the debate of the controversial issue. When their group’s position was challenged in
class, students would feel less threatened by the confrontation because the challenge was not an
affront to the individual’s belief, rather it was directed at the group’s belief. It should be noted
that this type of “role play” does run the risk of students forming stereotypical conclusions about
different societal groups (e.g., police officers, truck drivers, neurologists, etc.). However, it is a
necessary step for students to begin to look beyond their own personal perspectives. Methods for
addressing this issue will be addressed in greater detail in Chapter Five, Limitations of the Study.
Class four focused on the collaborative gathering of data through reading and research.
While groups were working independently, the principal investigator circulated between them to
ascertain the opinions of students and gauge their strategies for the upcoming debate. Each group
spent approximately 15 minutes with the investigator. During this time, the investigator asked
probing questions to facilitate student thinking pertaining to the topic. An example of these
question sessions, pertaining to the A Need for Speed? unit is included below:
Teacher: How does this issue affect you (i.e., the truck drivers)?
Students: We’ll have to drive slower on roads.
Teacher: What does that mean for you?
Students: It will take longer to get places.
Teacher: How will that impact you?
Students: We will be on the road longer and not see our families.
Students: If we have food in our trucks, it may go bad.
By helping the students to build on their own understanding of the topic, the principal researcher
was able to help students begin to understand how to think beyond the simple answer to “should
we lower speed limits?” It provided the opportunity for them to realize that the issue has far74

reaching impacts that should be examined in greater detail. These types of guiding questions
might be viewed as having explicitly or implicitly taught informal reasoning skills to students.
However, as discussed earlier with students taking on a social perspective that may result in
stereotypical arguments being formed, these questions were necessary to prime students into
looking beyond the immediate problem and consider how it impacts others around them.
Students used the fifth class to organize notes, articles, and information gleaned from
research to formulate different arguments for their groups’ interests. This was done
independently (i.e., within one of the social perspectives) and collaboratively between groups
that share similar interests (e.g., parents and neurologists from the Roller Coaster Ban). This then
led to the sixth class, where students actively engaged in a classroom debate regarding the SSI
topic. The principal investigator served as the facilitator to guide the discussion. Upon
conclusion of the debate, the teacher addressed misconceptions, reviewed findings and answered
any general questions still pertaining to the topic.
When participants returned to class following the SSI debate, students were presented
with the SSI post-activity questionnaire. Students were again given the entire 55-minute science
block to complete this document. Students worked independently as they answered the openended questions to assess their informal reasoning and gauge which evidence played a significant
role in their decisions. This template served as a general guideline for each of the additional SSI
units integrated into the science curriculum. This timeline was not rigid and only served to
outline unit progression.
Selection of Social Studies Context Issues
The topics chosen for the social studies context issues were the Civil War, the Treaty of
Fort Laramie (1868), and Immigration. Each of these topics are contentious issues that allow
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divergent perspectives to be formed and articulated. Selected units possessed unique features that
presented students with different scenarios that would provide insight on students’ informal
reasoning.
The Civil War was taught as part of the fourth grade curriculum and students recognize it
as the event that ended slavery in the United States. Unlike the Treaty of Fort Laramie (1868)
and Immigration, which have impacts on current social issues, the Civil War is viewed through a
historical lens, one that cannot be influenced by individual actions today.
All students received instruction pertaining to the Native Americans at the beginning of
the year as part of the fifth grade social studies curriculum. The Treaty of Fort Laramie (1868)
addressed the illegal seizing of the Black Hills (i.e., Native American lands as described in the
1868 treaty) by the United States government in 1877. Unlike the Civil War, the Treaty of Fort
Laramie (1868) has current implications that can be considered and evaluated by students. The
United States government was found guilty by the Supreme Court of the United States for the
illegal annexation of sovereign Native American lands. The Sioux Nation never accepted the
settlement from the government, insisting that the land be returned to the people. The historical
event may have taken place almost 150 years ago, but perspectives and ideas about tackling this
issue can still be considered today, since there has been no resolution in this matter.
Immigration, a component of the fourth grade standards, was the final topic chosen given
its historical significance and importance in current political events. Previous instruction coupled
with the diverse demographic makeup of this research group helped make it personally relevant
to many of the participants.
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Data Collection
Data pertaining to this study was collected through the use of open-ended questionnaires
in science, language arts and social studies classrooms. Each SSI unit featured a pre-activity
questionnaire given prior to the start of the unit’s lessons and a post-activity questionnaire given
at the conclusion of the class debate. This resulted in six written SSI data points for each
individual participating in the study. Assessments were also provided to students in language arts
or social studies classes. However, due to time constraints and the involvement of other
instructors, it was not possible to collect pre and post questionnaires. With this limitation, the
principal investigator spread three SSCI over the three-month study. The first SSCI and postactivity evaluation took place in January and ran concurrently with the first SSI unit. The second
SSCI and post evaluation took place in February and the final SSCI and assessment were given
in March. This resulted in three written SSCI data points for each student, giving the principal
researcher a combined total of nine data points for each participant. By spreading the social
studies assessments out over the semester, the investigator could gauge the progression of
students’ informal reasoning in science and social studies contexts and draw comparison between
the subject areas as well.
Data Analysis
The principal investigator applied deductive and inductive analysis strategies to “make
sense” of the data from collected questionnaires. According to Lincoln & Guba (1985), inductive
analysis aims to make explicit information, which on its own, may be embedded and/or obscure.
Inductive analysis may be through of as entailing two sub processes commonly referred to as
“unitizing” and “categorizing” (p.203). Holsti (1969) identified “unitizing” as a coding process
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that transforms data into units, which can be described with common definitions, parameters or
characteristics. “Categorizing”, on the other hand, involves clustering the constructed units into
groups, which provide descriptive information regarding the context from which units are
derived (Glaser & Strauss, 1967; Lincoln & Guba, 1985). It was from these processes that the
principal investigator generated a codebook (See Appendix H) which was utilized to identify
patterns within the collected data.
According to Miles, Huberman & Saldaña (2014), coding is a form of deep analysis that
allows researchers to potentially have greater interpretations about data collected during
investigations. As such, qualitative data from this study was analyzed using the NVivo 12
software, utilizing a cyclical coding scheme. It was considered a focused coding system, as the
principal researcher had an idea of the information being sought (Emerson, Fretz & Shaw, 1995).
The first cycle of coding involved deductive analysis focused on informal reasoning
patterns where the principal researcher employed a holistic coding system (i.e., intuitive, emotive
and rationalistic informal reasoning). During this coding sequence, issues arose with multiple
students’ responses. As the principal researcher progressed through the data, it became clear that
not all student answers could be categorized into the emotive, intuitive and rationalistic
reasoning classifications. Issues such as significant reasoning errors, fallacious reasoning, and no
answers provided by participants were unable to be sorted. Additionally, some of the provided
examples (i.e., reasoning errors) were not identical, such that one student made a reasoning error
pertaining to the content whereas another student made a reasoning error pertaining to a
perspective, which rendered both arguments invalid and unable to be classified. As a result, the
principal researcher continuously recycled through the data to identify both informal reasoning
patterns and identify specific answers that were unable to be classified. These outliers were
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addressed in the second cycle of coding (i.e., performed after the principal researcher initially
coded informal reasoning, multiple perspectives and argumentation structure), which is discussed
later in this section.
Once the coding of informal reasoning was completed, the principal researcher then
focused on multiple perspectives and utilized a magnitude coding set to determine the number of
alternative perspectives identified or utilized by research participants. Initially, the principal
researcher unified all perspectives into a single magnitude coding (i.e., 1 perspective, 2
perspectives, etc.). However, issues with this method were noticed during the coding sequence.
Some students identified two perspectives while others demonstrated four. Yet, the student that
identified two perspectives did so at a deeper level. This required the principal researcher to
recycle through the data again and specifically identify differences in the student perspectives. It
became necessary for the principal researcher to distinguish between positions, orientations and
perspectives as defined by Kahn & Zeidler (2019). Represented with the acronym P/O/P,
positions, orientations and perspectives were tallied for each participant. The first “P” of P/O/P,
represented the “position” which is where an individual stood on a particular issue; the “O”
represented an “orientation”, which is how the student viewed the issue in relation to other
individuals or topics; and the final “P” of P/O/P represented a “perspective”, which was coded if
a participant interpreted an issue through another individual’s position. Not all participants
demonstrated a “perspective” within their responses. So a student that demonstrated a position,
identified three orientations and did not demonstrate a perspective was classified as (1/3/0 = 4),
under the Number of Perspectives column on the Informal Reasoning Summary (See Appendix
B).
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Finally, the principal researcher analyzed the argumentation structure used by students
evaluating it using a descriptive coding organization (i.e., (A) for argument, (C) for
counterargument, (R) for rebuttal, and (*) for a solution/compromise). Each of the four previous
examples correlated to a specific question on each evaluation (e.g., Question 1 – argument,
Question 2 – counterarguments, Question 3 – rebuttals, and Question 4 – solution/compromise).
It is important to note that this coding sequence did not evaluate the quality of the argument
structure or if students used misconceptions in their reasoning. The focus of this coding was to
evaluate if students were forming arguments, counterarguments and rebuttals in a cohesive
manner as they have been tied to informal reasoning and perspective taking. For example, if a
student created a claim, but provided a misconception as justification, this was not indicative of a
lack of informal reasoning. The formation of this argument/claim resulted from the individual
weighing evidence and reaching a conclusion, albeit an erroneous one. It is arguably the case that
if this child were presented with facts that proved their initial justification as incorrect, the
student would incorporate this new information into their reasoning, arriving at a different (and
more sound) conclusion, forming a new argument/claim. This coding sequence did not require
the principal researcher to cycle through the data multiple times, as the identification of outliers
and the necessity for further clarification (that were required for informal reasoning and multiple
perspectives) were superfluous relative to the research questions.
The second cycle of coding looked to establish patterns in the data collected during the
first cycle, previously referred to as “categorizing”. Pattern codes usually consist of categories,
causes/explanations, relationships and theories (Miles, Huberman & Saldaña, 2014). The
principal researcher cycled through the data and established patterns to make sense of the
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information (Lincoln & Guba, 1985). This uniting and categorization of data added additional
information and understanding through which patterns between informal reasoning emerged.
The initial round of coding resulted in the identification of different types of informal
reasoning skills (i.e., intuitive, emotive, rationalistic and incomplete) and outliers (i.e., reasoning
errors, fallacious reasoning, no answers provided, etc.). When developing “buckets” for each of
these labels during the second round coding, the principal investigator utilized Sadler & Zeidler’s
(2005) Informal Reasoning Framework (See Figure 2, page 28) as a guide. This resulted in the
formation of eight “buckets”: intuitive, emotive, rationalistic, Group ER (emotive &
rationalistic), Group EI (emotive & intuitive), Group IR (intuitive & rationalistic), Group EIR
(emotive, intuitive & rationalistic) and Incomplete (e.g., reasoning errors, fallacious reasoning,
no answer provided, or undeterminable based upon answers provided). Due to the variability of
the outliers, the concentration of these issues into a single category (i.e., Incomplete) made
management of this data more bearable and easier to convey in the study’s findings.
These codes were applied to individual questions on the SSI and SSCI questionnaires and
then an overall classification was applied to each individual (See Table 7, page 83). The
“Overall” category for the participants was determined based upon the informal reasoning skills
used to answer the four questions on each questionnaire. A reasoning pattern needed to occur a
minimum of two times in order to be counted towards the “Overall” category. For example, in
Table 7, the “Mined” over Matter (Pre) example, the student showed evidence of intuitive
reasoning on questions one and four, rationalistic reasoning on question 2 and intuitive and
rationalistic reasoning on question 3. This resulted in rationalistic reasoning being used twice and
intuitive reasoning being utilized three times. Thus resulting in an “Overall” rating of Group IR.
Looking at the Civil War unit, the participant used intuitive reasoning on questions 1, 2 and 4
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and emotive and rationalistic reasoning on question 3. The “Overall” rating was intuitive as
emotive and rationalistic reasoning were only utilized one time. The only exception to this
coding occurred when an individual used emotive, intuitive and rationalistic informal reasoning
on separate questions and there was an “Incomplete” categorization for the final answer (e.g.,
Question 1 – intuitive, Question 2 – rationalistic, Question 3 – emotive and Question 4 –
incomplete). This would result in the student being classified in Group EIR. This allowed the
principal researcher to better categorize the individual patterns of reasoning used. The magnitude
coding was split between the different categories of perspectives as defined by Kahn & Zeidler
(2019), and was given a final numeric value to account for the different perspectives. Finally, the
descriptive coding set was coded based on the presence of specific argument structures. If a
student successfully created an argument, counterargument, rebuttal and provided a
solution/compromise they were coded as (ACR*). If they were only able to formulate an
argument and counterargument, they were coded as (AC). Likewise a student that created an
argument and proposed a solution, it would be classified as (A*). Only letters and symbols that
appear indicate the successful presence of each component. By utilizing this coding scheme, the
principal investigator was able to organize the data in such a way that parallels could be drawn
between the different controversial issues.
To ensure and promote the credibility and dependability of this investigation, an outside
interpreter (i.e., an expert in science education with experience in qualitative methods)
independently evaluated and coded questionnaire data obtained during this study. The principal
investigator and outside expert compared findings to identify any discrepancies that occurred
during the coding. Inconsistencies found were discussed between the outside interpreter and
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principal researcher until consensus of each code was reached. This promoted interrater
reliability and enhanced the overall credibility and dependability of the study.
Table 7. Example of Informal Reasoning Coding
Units

Question 1

Question 2

Question 3

Question 4

Overall

1. The Civil War

Intuitive

Intuitive

Group ER

Intuitive

Intuitive

2. A Need for Speed? (Pre)

Emotive

Group ER

Group ER

Rationalistic

Group ER

3. A Need for Speed? (Post)

Rationalistic

Rationalistic

Intuitive

Rationalistic

Rationalistic

Group ER

Group ER

Group ER

Intuitive

Group ER

4. Fort Laramie Treaty (1868)
5. Roller Coaster Ban (Pre)

Rationalistic

Emotive

Rationalistic

Rationalistic

Rationalistic

6. Roller Coaster Ban (Post)

Group IR

Group ER

Rationalistic

Rationalistic

Rationalistic

7. “Mined” over Matter (Pre)

Intuitive

Rationalistic

Group IR

Intuitive

Group IR

8. Immigration
9. “Mined” over Matter (Post)

Group EI

Group ER

Emotive

Group IR

Group EIR

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Role of the Researcher
The qualitative nature of this study coupled with the use of a convenience sample, placed
the principal investigator in the roles of instructor, facilitator, and mentor to the research
participants. Each “role” was not isolated in terms of classroom function. Instead, they were
blended and utilized interchangeably by the investigator as needed.
In terms of the SSI curriculum, the teacher primarily acted as an instructor when leading
the hands-on activities and in-class discussions. While students were performing independent
research pertaining to each SSI topic, the principal investigator stepped into the role of
facilitator. In this capacity, the teacher met with social groups individually. During these
discussions, the principal researcher asked probing questions to the group members to
understand how they were thinking about the topic, suggest areas they could improve upon and
strategies for approaching the topic moving forward. The facilitator role presented a “slippery
slope” for the principal investigator could not allow personal beliefs to influence student
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opinions on each topic. Additionally, as a facilitator, the principal researcher had to ensure
students were not “given” answers to the problems.
After each debate, several students would lag behind and speak with the principal
researcher. Some would express concerns about their performance; others would want to share
more information about things they discovered. One student in particular, Student 17, stayed
behind after the “Mined” over Matter debate to discuss some issues with the teacher. Another
student had challenged him during the discussion saying that he, Student 17, would not give up
his Xbox for the environment. Privately, Student 17 confessed that while he loved to play video
games, he would absolutely give it up if he needed to help the environment or lessen his
consumption of rare earth elements to provide them for military purposes. During the
conversation between Student 17 and the principal investigator, it became clear that the student
was genuinely impacted by this interaction and his emotional response led the principal
researcher to believe his words were truthful. The principal researcher spoke at length with this
student, explaining how this demonstrates his emerging character and he should feel proud
knowing that he would make sacrifices for the greater good. In this capacity, the principal
researcher took on the role of mentor, to help students process new information/situations and
grow from them.
These events were not isolated and happened frequently for the study duration. The
examples provided were meant to shed light on how the principal researcher interacted with
participants before, during and after SSI activities.
Trustworthiness
The quantitative research paradigm, strives to establish the credibility of studies through
internal validity, generalizability, reliability and objectivity. Its goal is to produce results that are
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generalizable to large populations, through objective, statistical measures that ensure replicable
results when attempted (Patton, 1987). Quantitative and qualitative research are often considered
on opposite ends on the research spectrum with the science-based quantitative research on one
end and the “fluffy, subjective” qualitative methods on the other. A common criticism of
qualitative research, focuses on the partiality of the investigator and the subjectivity they impart
on the data collected. However, this is a common misconception associated with qualitative
studies. Akin to quantitative research, qualitative investigations, strive to ascertain
trustworthiness through credibility, transferability, dependability and confirmability (Shenton,
2004).
Lincoln & Guba (1985) associate trustworthiness with the value or merit others will
convey on the findings, as they adjudicate if the study is worth their time and interest. The
following sections explored the constructs associated with trustworthiness (i.e., credibility,
transferability, dependability and confirmability) and explored each within the context of this
study.
Credibility: Credibility within the qualitative domain is established through the precise
description of phenomenon by researchers and by evaluating the accuracy of these interpretations
when compared to the genuine attitudes, thoughts, and decisions of the study participants (Liao
& Hitchcock, 2018; Lincoln & Guba 1985). Equivalent to the internal validity criterion of the
quantitative paradigm, the importance of credibility to the trustworthiness of a study cannot be
underscored. Acknowledging the necessity of credibility to any successful qualitative study, this
investigation will implement triangulation as a means to procure credible data.
Triangulation: Triangulation was developed within qualitative sociological research to
address common issues with validity. Data collected from a single source cannot be considered
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“credible” unless compared to another that is independent of the first (Lincoln & Guba, 1985;
May, 2002). There are many ways to perform triangulation within qualitative studies (e.g.,
comparison of data from multiple sources, comparison of evidence from different investigators,
etc.) (Liao & Hitchcock, 2018). Each of these methods provide researchers with a way to
strengthen a study’s credibility and trustworthiness.
This study utilized multiple investigators and analyzed multiple sources of information,
to ensure proper triangulation techniques were followed. Questionnaires collected in science,
language arts, and social studies classrooms were analyzed by the principal investigator and two
additional science experts. Results from each analysis were compared and discrepancies were
addressed until a 95% interrater agreement was attained. Details pertaining to interrater
consensus are expounded upon within the Dependability section. In addition to multiple
investigators, the questionnaires also served as multiple sources of information. Each of the
controversial topics (3 SSCI and 3 SSI) are independent and cover unique content. Additionally,
the presentation of these controversial issues was varied as a means of comparing informal
reasoning between subject areas. By altering the environment, the presentation, and the
conditions in which students engage each topic, the investigator could compare the informal
reasoning patterns within one subject area and cross-reference the patterns in the other subject
area as a means of triangulating the multiple sources of information. Both triangulation
techniques served as the primary means for establishing the credibility of this investigation.
Transferability: Transferability is a criterion specifically focused on whether the
findings of a qualitative study will relate to additional contexts given the extenuating factors that
make settings unique (Lewis & Ritchie, 2003; Lincoln & Guba 1985). Just as trustworthiness
relies on the worth individuals apply to a study, transferability also depends on the valuation
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other researchers place on its applicability. To aid an individual’s assessment of this concept,
investigators include a “thick description” of the study to provide others with knowledge
pertaining to the research participants, data collection, analysis techniques, information
pertaining to the research environment and initial findings (Lewis & Ritchie, 2003). As such, this
study offered evidence for each of the listed components, to aid other researchers in determining
the transferability of this enquiry to their own intentions.
Dependability: A key aspect associated with quantitative research is the reliability of the
study and subsequent findings. Commonly referred to as the replicability of an investigation, it
has been questioned throughout qualitative circles on multiple occasions (Lewis & Ritchie,
2003). The general consensus amongst most qualitative researchers is to avoid the concept of
reliability in favor of a more flexible construct, often called dependability (Lewis & Ritchie,
2003; Lincoln & Guba, 1985). Dependability is more fluid than reliability as it takes into account
uncontrollable variables (i.e., natural changes, population variation due to location, etc.) that may
arise during the experimentation process. In simple terms, dependability tries to mirror reliability
by providing a cushion for extenuating circumstances beyond the control of the researcher.
This study established dependability through the peer review of data associated with
open-ended questionnaires. The principal investigator, along with the outside interpreter coded
and analyzed student responses. The qualitative nature of this study resulted in an immense
amount of data (approximately 200 questionnaires). The outside interpreter and the principal
researcher independently coded 5% of the questionnaires. The ratings of both were compared
and analyzed for inconsistencies. Due to the low percentage of questionnaires analyzed by the
outside interpreter and the principal investigator, a 95% interrater agreement was required before
evaluating the remaining samples. A secondary check by the outside interpreter and the principal
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investigator occurred again after 50% of the data had been evaluated by the principal researcher
and again after 100% had been coded to certify the interrater percentage.
Confirmability: Confirmability, in many ways, can be compared with the objectivity
aspect of traditional quantitative research. Yet, establishing this facet of the qualitative research
paradigm is more elaborate as the “subjectivity” of information gathered is not clearly defined
within concise parameters. Therefore, establishing confirmability within a study is generally
accomplished through an audit trail. Lincoln & Guba (1985) note that the documentation and
processes associated with performing an audit trail was outlined and operationalized by Edward
Halpern in his 1983 dissertation. He identified six categories of evidence that when collected
properly, could help establish the confirmability of a qualitative study. Table 8 (See page 89)
notates each of these categories, and pinpoints how this study addressed each component. The
information provided in Table 8, elucidates how this study attained confirmability and identifies
specific elements to ensure that a proper audit trail exists. Additional factors to support
confirmability may arise during the ensuing investigation.
Limitations
Scheduling the integration of SSCI was problematic. Significant challenges arose due to
the limited time provided for social studies instruction, the accommodation of varying testing
schedules, and sporadic school activities (e.g., fieldtrips, presentations, guidance lessons, etc.).
Recent adjustments to instructional time parameters only allotted three, thirty-minute class
periods each week for direct instruction in social studies. This limitation inhibited presenting
controversial issues, in a manner similar to SSI units, and did not provide enough time for preactivity questionnaires to be completed as instructors would not be able to cover the standards
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Table 8. Halpern’s Audit Trail and Data Collected for this Study
Category

Description

Data Collected

1. Raw data

Electronically recorded
materials, written field notes,
unobtrusive measures and
survey results

 Questionnaires collected
throughout investigation

2. Data reduction &
analysis products

Write-ups of field notes,
unitized information,
quantitative summaries;
theoretical notes (i.e.,
working hypothesis,
concepts, and hunches)

 First cycle coding –
unitizing data for informal
reasoning, perspectives
and argumentation
structure

3. Data reconstruction and
synthesis products

Structure of categories
(themes, definitions,
relationships); findings and
conclusions; final report with
connections to existing
literature and an integration
of concepts, relationships and
interpretations

 Second cycle coding –
categorization of informal
reasoning, perspectives
and argumentation
structure.
 Chapter 4 and Chapter 5
of this study

4. Process notes

Methodological notes
(procedures, designs,
strategies, rationales),
trustworthiness notes and
audit trail notes

 Chapter 3: Methods

5. Materials relating to
intentions and
dispositions

Inquiry proposal; personal
notes (reflexive notes and
motivations); and
expectations (predictions and
intentions)

 Chapter 1: Statement of
the Problem
 Chapter 2: Literature
Review

Pilot forms and preliminary
schedules; observation
formats; and surveys

 Development of study
questionnaires from
previously established
measurement instruments
(e.g., Sadler & Zeidler,
2005; Zeidler & Kahn,
2014)

6. Instrument development
information
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required by county mandates. This coupled with students participating in standardized
assessments (e.g., iReady tests and county interims) also resulted in the loss of several
instructional classes. Therefore, it became necessary for the principal investigator to alter the
methods for attaining information pertaining to the informal reasoning in social studies contexts.
It should be noted that the principal investigator took specific steps to limit the effects of
external variables that may have potentially influenced this study. The adjustments made by the
principal researcher may have implications on the findings of this study; however, the multiple
data points collected along with the validation from other science professionals should provide
acceptable credibility for the study.
Summary
This chapter outlined the design of the study and showed how it supported the proposed
research questions. It provided information pertaining to the study participants, selection of
instructional units, questionnaires utilized, and how informal reasoning was assessed beyond the
science classroom. It then concluded with a description of the data analysis and methods taking
into account the necessary measures to ensure trustworthiness, credibility, transferability,
dependability, and confirmability.
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Chapter Four: Results

Introduction
This chapter serves to disseminate the results of this research study, while theoretical and
practical applications of the data will be reserved for discussion in Chapter Five. The information
is broken down by the three guiding research questions. Each of these questions are addressed
independently throughout this chapter and then collectively in the final summary. The qualitative
nature of this investigation, coupled with the volume of data gathered, required the principal
investigator to convert some of the data to quantitative units (e.g., frequency of events and
percentages) utilizing charts and graphs to explain trends in key findings. As with most
sociocultural contexts (i.e., real life classroom settings) and given the classroom dynamics of
SSI, it is appropriate in the context of this study that the class is the unit of analysis. Therefore,
data pertaining to this study analyzed the information from a group context.
Before discussing the analysis of data, the principal investigator has provided multiple
examples of each type of informal reasoning pattern observed during the course of this study.
Taken from various student responses on all SSCI and the majority of SSI questionnaires (both
pre and post), these examples should afford the reader insight into the informal reasoning
methods of elementary students and frame the classification of student responses into each
category (See Table 9, page 93). As previously stated in Chapter Three, all informal reasoning
patterns were separated into eight “buckets”: intuitive, emotive, rationalistic, Group ER (emotive
& rationalistic), Group EI (emotive & intuitive), Group IR (intuitive & rationalistic), Group EIR
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(emotive, intuitive & rationalistic) and Incomplete (e.g., reasoning errors, no answer provided,
fallacious reasoning, or undeterminable based upon answers provided) to facilitate the
management of data for this investigation. The samples given in Table 9, form a taxonomical
structure of informal reasoning arguments designed to impart clarity to the reader and other
practitioners so they may better interpret the results by gaining an understanding of the principal
researcher’s perspective.
Table 9 (See page 93) is organized by the informal reasoning categories described in the
previous paragraph. Each example in this chart provides the student number of the respondent,
the unit the argument was taken from, the particular question that was answered and the student’s
written response. Cases in the Incomplete category feature a brief explanation by the principal
researcher as to why each response was placed within this group.
Initial coding of the data resulted in student responses being distributed amongst these
eight categories. Participants completed nine questionnaires (i.e., 3 SSCI and 6 SSI) and each
survey contained four separate questions designed to evaluate informal reasoning and argument
structure. This resulted in 36 responses that were placed into the eight buckets for the group
analysis. Additionally, student responses were given an “Overall” classification for each unit,
which resulted in nine more placements into the eight buckets. Together, this produced 45
specific data points for each research participant. All student data points were combined to
produce the group context, from which the analysis is derived.
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Table 9. The Eight Buckets of Informal Reasoning
Emotive Informal Reasoning
Example 1:
Student 1 – A Need for Speed? (Pre)
Question 1: Should speed limits be lowered to reduce bicycle fatalities? Explain why or why not.
Yes, because a person’s life is more important than you getting late to work. 150 cyclists. If 150 people die, that would put
thousands in sorrow. Just to be safe, it is best to lower the speed limit.
Example 2:
Student 4 – The Civil War
Question 2: Can you think of a reason why someone may not agree with your position? Explain your answer.
People might not agree with me and not stopping the civil war. They would probably disagree because even though after the war
had a good result, during the war everybody was fighting violently and people lost their lives.
Example 3:
Student 11 – Fort Laramie Treaty (1868)
Question 2: Can you think of a reason why someone may not agree with your position? Explain your answer.
No because it’s unfair to the Sioux nation that after the united states signs a treaty with the Sioux Indians, that we must never go on
their property, we break it just for gold.
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Table 9 (Continued). The Eight Buckets of Informal Reasoning
Intuitive Informal Reasoning
Example 1:
Student 13 – Immigration
Question 4: Can you think of a solution to the immigration situation currently going on in the United States? Explain your answer.
I cannot think of a solution right now because the process we have now is basically a solution to this debate.
Example 2:
Student 14 – Roller Coaster Ban (Pre)
Question 3: How would you respond to these challenges?
Every man born to see the light of day must die at some point in their life.
Example 3:
Student 17 – Fort Laramie Treaty (1868)
Question 2: Can you think of a reason why someone may not agree with your position? Explain your answer.
They may not think that it should be the Sioux’s land because they can’t hog all that gold.
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Table 9 (Continued). The Eight Buckets of Informal Reasoning
Rationalistic Informal Reasoning
Example 1:
Student 16 – Fort Laramie Treaty (1868)
Question 1: Should the United Stated be required to return the Black Hills to the Sioux Nation and pay for the gold removed?
I think they should give all the land back and half of the gold. The land was the Sioux’s so they should get all of that back, but the
gold had to be mined and that took work so they should only get half the gold back.
Example 2:
Student 20 – “Mined” over Matter (Post)
Question 1: Should the United States begin to mine Rare Earth Elements? Explain why or why not.
Yes they should because it benefits the Military in many ways. In 1 including that they use REEs in multiple defense objects like
night vision goggles, bombs, radars etc. They also help the electronic industry because there are multiple REEs in electronics like
phone fridges I-Pads and many more.
Example 3:
Student 6 – Roller Coaster Ban (Pre)
Question 1: Should theme parks ban children under 16 years of age from riding roller coasters? Explain why or why not.
No because there is no point of it. I say this because people with an age of 16 and older can get hurt to. It’s not only the kids who
get hurt every year. The adults get hurt but nobody really looks at that point because adult deaths are very low. So if they ban
children under 16 years of age, then they should ban roller coaster to improve the safety of EVERYONE.
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Table 9 (Continued). The Eight Buckets of Informal Reasoning
Group ER (Emotive & Rationalistic)
Example 1:
Student 2 – A Need for Speed? (Post)
Question 1: Should speed limits be lowered to reduce bicycle fatalities? Explain why or why not.
I think yes because many people die because of reckless driving of people. If you lower the speed limit drivers may pay attention
more closely and the cyclists feel safe. This can reduce many bicycle fatalities.
Example 2:
Student 3 – Roller Coaster Ban (Pre)
Question 1: Should theme parks ban children under 16 years of age from riding roller coasters? Explain why or why not.
If they were pre-injured then yes if they haven’t been hurt then no. Rollercoasters are VERY fun but no one wants to be hurt. Also, I
really don’t have enough evidence to support any side.
Example 3:
Student 12 – A Need for Speed? (Post)
Question 3: How would you respond to these challenges?
What’s worse – food getting cold or violent deaths?
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Table 9 (Continued). The Eight Buckets of Informal Reasoning
Group IR (Intuitive & Rationalistic)
Example 1:
Student 8 – Roller Coaster Ban (Pre)
Question 1: Should theme parks ban children under 16 years of age from riding roller coasters? Explain why or why not.
I feel like people shouldn’t ban kids under 16 years old because even if people/kids get hurt, a trusted adult should ride with them.
When they (the kids) are in danger, the guardian would be there to protect them. Besides, there ARE height restrictions for rides. If
the kid is underweight-thin enough to slip out of seat – the adult should protectively put their arm in front of the child, like a second
seat belt.
Example 2:
Student 19 – Immigration
Question 4: Can you think of a solution to the immigration situation currently going on in the United States? Explain your answer.
Immigrants that already have family in the United States can go freely, but the rest have to follow the rules.
Example 3:
Student 3 – “Mined” over Matter (Pre)
Question 4: Can you think of a compromise that would be acceptable to more people? Explain your answer.
Do half and half. We mine 50% and China gives us 50%. We could also make less things that use REEs.
97

Table 9 (Continued). The Eight Buckets of Informal Reasoning
Group EI (Emotive and Intuitive)
Example:
Student 21 – Roller Coaster Ban (Pre)
Question 2: Is there a reason why someone would disagree with your ideas? Explain why. What are some arguments that someone
could make against your position?
Kids enjoy roller coasters very much. “But, I love roller coasters, and I don’t want to wait so long.”

Group EIR (Emotive, Intuitive & Rationalistic)
Example:
Student 21 – Immigration
Question 1 – Should the United States all ALL immigrants to come to America? Explain your answer.
I think they should because some people have valid reasons to come to a free country like the U.S. Some people are fleeing violence
from their home, or are coming because of religious beliefs. America is a place where anyone and everyone have the right to do as
they please, and if immigrants weren’t allowed to come, that would not show that.
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Table 9 (Continued). The Eight Buckets of Informal Reasoning
Incomplete (Unclear Argument, Reasoning Error, Fallacious Reasoning, etc.)
Example 1:
Student 2 – The Civil War
Question 1: Should the Union have allowed the Confederate States to secede in order to prevent the Civil War? Explain your
answer.
No because the states still kept fighting and they rose the civil war.
Unclear argument. Cannot be conclusively identified.
Example 2:
Student 11 – The Civil War
Question 2: Can you think of a reason why someone may not agree with your position? Explain your answer.
Yes because someone could have said it Lincoln said he’ll end slavery it would have never happened.
Reasoning error. Cannot be conclusively identified.
Example 3:
Student 3 – The Civil War
Question 4: Do you think anything could have been done to prevent the Civil War? Explain your answer.
Everyone is nice to each other and we get over it.
Fallacious reasoning. Cannot be conclusively identified.
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Research Question 1
When presented with controversial issues (i.e., within science and social studies
contexts), what types of informal reasoning (e.g., intuitive, rationalistic, emotive) are evident in
elementary student responses prior to SSI instruction?
The purpose of this question was to establish the baseline informal reasoning patterns of
students prior to engagement in an SSI curriculum. In order to evaluate the development of
informal reasoning skills and determine the transference to outside disciplines, it was necessary
to ascertain each student’s initial reasoning pattern prior to treatment. As previously stated in
Chapter 3, student responses on questionnaires were evaluated, coded and then each student was
given an overall classification for each topic (See Appendix B). Since this study took place in
two separate environments (i.e., science and social studies classroom / science and language arts
classroom), a baseline needed to be established for both SSI and SSCI units. A Need for Speed?
(Pre) SSI and the Civil War SSCI were used to create the baseline data in each area.
Baseline Informal Reasoning Data: Data collected from the Civil War SSCI and A
Need for Speed? (Pre) SSI indicated students utilized many forms of informal reasoning while
navigating controversial issues. To help uncover patterns in the data, the principal researcher
tallied the number of student responses in the eight buckets for each SSI and SSCI unit. The
results for the Civil War SSCI are presented in Table 10 (See page 101) and the results for A
Need for Speed? (Pre) are found in Table 11 (See page 101). A visual representation of this data
is also presented in Figure 4 (See page 102). There were four tallies for every participant in each
of these charts. Since there were 21 students in the group, every SSI and SSCI unit had a total of
84 tallies, which the principal investigator refers to as (observations, occurrences or incidents)
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during discussion of results in the remainder of this chapter. The individual counts for every SSI
and SSCI unit in this study (Tables 1A – 9A) can be found in Appendix A.
Table 10. Civil War - Tally of Informal Reasoning Patterns Observed
Informal
Reasoning

Question 1

Question 2

Question 3

Emotive

1

3

4

Intuitive

3

5

7

4

19

Rationalistic

13

8

5

12

38

Group ER

1

2

2

5

1

1

2

2

2

Group EI

Question 4

Totals
8

Group IR
Group EIR
Incomplete

3

5

12

Table 11. A Need for Speed? (Pre) – Tally of Informal Reasoning Patterns Observed
Informal
Reasoning

Question 1

Question 2

Question 3

Emotive

4

1

2

Intuitive

3

3

6

5

17

Rationalistic

7

15

6

15

43

Group ER

4

1

2

1

8

Group EI
Group IR

1

Question 4

Totals
7

1

3

3

Group EIR
Incomplete

5
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Baseline Informal Reasoning Patterns (SSI & SSCI)
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Figure 4. Baseline Informal Reasoning Patterns (SSI & SSCI)

The information presented in the two tables suggests there may be differences in the way
students approach controversial issues in science versus other subject disciplines. While the
instances of intuitive, emotive, and rationalistic reasoning were within 5% based on the totals
between the two units, the application of these forms of reasoning were applied in distinct ways
between the two topics. Students utilized more isolated rationalistic thinking when formatting
arguments during the Civil War SSCI (Question 1), compared to students using more intuitive
and emotive reasoning on Question 1 of the A Need for Speed? (Pre) SSI.
This trend in reasoning, for both units, was reversed on Question 2. Students applied
more rationalistic reasoning during the SSI unit and more intuitive and emotive reasoning on the
SSCI unit. Question 2 focused primarily on counterargument formation, which may be more
common in science courses than other subject disciplines. This is not to say that
counterarguments can only be made in the science classroom, but it is less frequently utilized
during social studies instruction at the elementary level. Blended reasoning, that referring to the
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use of multiple types of informal reasoning (i.e., Group ER, Group EI, Group IR and Group
EIR), occurred more frequently on the SSI questionnaires, with 12 specific examples being
observed, compared to only 7 incidents on the Civil War questionnaire.
A final distinction to note between the two data sets pertains to the “Incomplete” bucket
of informal reasoning. As specified earlier, this bucket was used in the case of reasoning errors,
fallacious reasoning, when students provided no answers or when the given answer was unable
to be conclusively identified based upon the information provided. These “incomplete” events
occurred more frequently on the initial SSCI questionnaire (12 incidents), than on the SSI survey
which had 5 incidents.
Summary of Research Question 1
The establishment of this baseline data provided a frame of reference from which the
principal investigator could begin to examine the remainder of the study’s data and draw
conclusions. Data from these baseline units show students possessed emotive, intuitive, and
rationalistic informal reasoning skills and that some possessed the ability to use blended
reasoning as well. A key takeaway from Research Question 1 included the differences in
reasoning approaches when creating arguments and counterarguments in SSI versus SSCI units.
The formation of arguments can be generated from practically any of the informal reasoning
patterns identified within this study. However, there was a significant difference in how students
applied their informal reasoning skills when it came to argument and counterargument
formation. Research participants utilized more rationalistic reasoning when developing initial
arguments for the Civil War unit, but them employed a wider range of reasoning patterns when it
came to counterargument formation. Likewise, during the A Need for Speed (Pre) assessment,
students employed a larger dispersal of reasoning patterns for argument formation and became
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more rationalistic during counterargument formation. Given that both assessments were carried
out prior to the SSI intervention and bearing further analysis, the difference in the application of
reasoning strategies, it can be inferred that students may conditionally utilize and implement
informal reasoning patterns dependent upon the provided scenario and the context in which it is
presented.
The difference in blended reasoning patterns between these two units, while appearing
markedly different, could not be viewed as significant at this time. Analysis of Table 10 and
Table 11, show that the major difference between these two scenarios was directly linked to
Question 1. Looking across the two tables the principal investigator determined that blended
reasoning frequency was consistent for the final three questions. This suggests that the result on
Question 1 for the SSI may have been an isolated event and more analysis of SSI and SSCI
topics are required to determine its relevance.
A final discrepancy between these two units occurred within the Incomplete informal
reasoning category. Unlike the blended reasoning patterns, the differences observed in this case
should be considered significant as students demonstrated Incomplete reasoning with regard to
each questions on the SSCI (i.e., Question 1 – 3 occurrences, Question 2 – 2 occurrences,
Question 3 – 2 occurrences, and Question 4 – 5 occurrences) and only experienced Incomplete
reasoning on Question 3 (5 occurrences). Students had more than twice as many occurrences of
Incomplete reasoning on this unit compared to the first SSI unit. It also possessed considerably
more instances of Incomplete reasoning, than any other evaluated unit. This result necessitated
further evaluation of Incomplete reasoning throughout the duration of this study as a reduction in
Incomplete reasoning would be a result of improved informal reasoning skills.
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Research Question 2
After participating in an extended SSI curriculum, what types of informal reasoning are
present in elementary student responses when negotiating controversial issues in a science
classroom?
This question specifically addressed how the integration of an SSI curriculum affected
students’ informal reasoning patterns during and after participation in SSI activities. In order to
assess pre and post units, a cross comparison table of the four survey questions on each SSI
questionnaire was created from the tally sheets (See Appendix A) discussed during Research
Question 1. Presented in Table 12 (See page 107), the numbers reflect the quantity of
occurrences recorded by the principal investigator for each type of informal reasoning strategy.
This table was created to allow the principal researcher to compare and contrast each question
(i.e., compare all Question 1s, Question 2s, etc.) side by side and identify differences in
reasoning patterns between all SSI units. The cross comparison table (i.e., Table 12) was then
used to create a cumulative total comparison chart (See Table 13, page 109) to give the principal
investigator insight into patterns between the three separate SSI topics. Analysis of Research
Question 2 was derived and guided by the information found in Table 12 and Table 13. The
following unit codes were applied in the tables to accommodate the inclusion of six SSI units
onto a single page and present the information in a more concise manner: NS(Pre) represents A
Need for Speed? (Pre), NS(Post) represents A Need for Speed? (Post), RC(Pre) represents Roller
Coaster Ban (Pre), RC(Post) represents Roller Coaster Ban (Post), MM(Pre) represents “Mined”
over Matter (Pre) and MM(Post) represents “Mined” over Matter (Post). These codes are also
referred to in the remaining text of this chapter to facilitate explanation of the data. By
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comparing all SSI responses simultaneously, the principal researcher was able to identify several
changes.
Group Informal Reasoning Shifts within SSI: The initial baseline data from Research
Question 1 provided the investigator with a general breakdown of applied informal reasoning
skills utilized by students on the first SSI questionnaire. Table 11 showed seven of the
observations demonstrated isolated emotive reasoning, 17 showed isolated intuitive reasoning
and 43 showed isolated rationalistic reasoning. The final observations were comprised of Group
ER (8 occurrences), Group EI (1 occurrences), Group IR (3 occurrences) and Incomplete (5
occurrences). There were no individual examples of students using the blended reasoning Group
EIR for any SSI activity.
Utilizing Table 13 (See page 109) and looking between the NS(Pre) and NS(Post) units,
the principal investigator noticed a drop in both emotive and intuitive reasoning with a distinct
increase in rationalistic reasoning. The principal researcher is not concluding that students who
applied emotive or intuitive informal reasoning switched to rationalistic reasoning. Such an
assumption would be unfounded, illogical and wrong. It merits attention because there were
significant changes within the group population that should be noted prior to final analysis.
Another noticeable shift occurred in the blended reasoning groups, Group ER and Group IR.
Group ER experienced a large drop in frequency when comparing the pre and post assessments
(i.e., NS(Pre) & NS(Post)), while Group IR showed a significant increase between the units.
There was also an observable change in the Incomplete bucket. This category was artificially
inflated on NS(Post), as a result of one student not filling out three of the questionnaire
questions.
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Table 12. Cross Comparison of Questions for SSI Units
Units
NS(Pre)

NS(Post)

RC(Pre)

RC(Post)

Emotive

4

2

2

1

Intuitive

3

5

1

Rationalistic

7

10

12

12

Group ER

4

1

4

4

MM(Pre)

MM(Post)

20

20

1

1

Question 1

Group EI
Group IR

1

1

3

2

2

3

Emotive

1

1

1

Intuitive

3

2

5

3

1

Rationalistic

15

11

7

9

10

20

Group ER

1

1

3

3

2

1

Group EI

1

1

1

1

1

4

5

6

2

Group EIR
Incomplete
Question 2

Group IR

1

Group EIR
Incomplete

4

1
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Table 12 (Continued). Cross Comparison of Questions for SSI Units
Units
NS(Pre)

NS(Post)

RC(Pre)

RC(Post)

MM(Pre)

MM(Post)

Emotive

2

1

1

3

2

1

Intuitive

6

3

5

2

6

1

Rationalistic

6

10

11

9

10

18

Group ER

2

1

2

1

2

1

Question 3

Group EI

2

Group IR

3

2

2

1

Group EIR
Incomplete

5

3

2

Intuitive

5

2

3

2

Rationalistic

15

15

13

15

16

Group ER

1

2

1

1

3

2

2

2

1

Question 4
Emotive
18

Group EI
Group IR

3

Group EIR
Incomplete

1

3
108

The student was not paying attention during the class and the principal investigator did not
attempt to coax the participant into providing information for the study. Thus, the Incomplete
bucket saw an increase from pre to post assessment.
Table 13. Cumulative Total Comparison of Informal Reasoning (All SSI Units)
SSI Units
Informal
Reasoning
Emotive

NS(Pre)

NS(Post)

RC(Pre)

RC(Post)

MM(Pre)

MM(Post)

7

4

4

4

3

1

Intuitive

17

12

14

7

7

1

Rationalistic

43

51

43

45

56

74

Group ER

8

3

11

9

5

2

Group EI

1

2

1

4

Group IR

3

9

8

13

10

5

5

8

3

2

3

1

Group EIR
Incomplete

Similar changes were also observed across the RC(Pre) and RC(Post) units. Intuitive
reasoning and Group ER saw decreases in total observations, while rationalistic reasoning and
Group IR saw increases in frequency. Emotive reasoning remained constant throughout this unit
and the Incomplete group fell slightly from three instances to two. It should be noted, that
emotive and intuitive reasoning both started the RC(Pre) with lower totals than those observed in
NS(Pre) and rationalistic reasoning started with exactly the same number of observations (43) in
both NS(Pre) and RC(Pre). The most significant change between NS(Post) to RC(Pre) was the
number of blended reasoning observations. Blended reasoning groups (i.e., ER, EI, IR & EIR)
rose from 12 to 20 observations on the pre-assessments (i.e., NS(Pre) compared to RC(Pre)) and
from 14 to 26 occurrences on the post-assessments (i.e., NS(Post) compared to RC(Post)). These
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changes suggest there may be evidence that a group shift towards more blended reasoning may
have occurred over the course of these four SSI units (i.e., NS(Pre), NS(Post), RC(Pre) &
RC(Post)).
Comparison of the MM(Pre) and MM(Post) data, revealed a dynamic shift towards more
rationalistic informal reasoning. Rationalistic reasoning on MM(Pre) started at 56 observations
and rose to 74 occurrences. Meaning 88% of all answers provided on MM(Post) were isolated
rationalistic reasoning. Isolated emotive and intuitive reasoning continued to regress through the
final SSI unit and for the first time during this study, blended reasoning fell to the lowest
recorded levels (e.g., Group ER 5  2, Group IR 10  5, Group IR 0  0). Given the
significantly high rate of isolated rationalistic reasoning, a drop in all other areas was completely
expected.
During this study, the only form of reasoning that showed a constant increase between
pre and post assessments was isolated rationalistic reasoning. All other patterns experienced
some fluctuation; however, trends for each other type of reasoning did emerge. The graphics in
Figure 5 (See page 111), present a visual representation of the findings discussed in this section.
Looking between the pre and post assessments, continuous declines can be seen in emotive,
intuitive, and Group ER reasoning and increases can be seen over the first two SSI units for
Group EI and Group IR. It is reasonable to infer that if the student who chose to not participate
during the NS(Post) questionnaire had taken part, the Incomplete group would have also fallen
into the continuous decline trend of emotive and intuitive reasoning.
This data shows a general shift in the group collective reasoning pattern towards more
rationalistic reasoning (both individual and blended). When this data is compared with the
“Overall” rating provided to each student, the shift becomes more distinguishable.
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The “Overall” rating was given to each student (See Appendix B) based on their answers to the
four questions on each questionnaire. Individual questions were independently coded and if
particular reasoning patterns were observed more than once, it was considered a factor towards
the “Overall” classification. This means that if a student received the following ratings for the
four questions (e.g., Question 1 – Emotive, Question 2 – Group ER, Question 3 – IR, Question 4
– Intuitive) this student was coded “Overall” as Group EIR since emotive, intuitive and
rationalistic reasoning were all observed two times. However, if a student received these ratings
for the four questions (e.g., Question 1 – Rationalistic, Question 2 – Emotive, Question 3 –
Emotive, Question 4 – Intuitive) this student would be coded “Overall” as Emotive since it is the
only reasoning pattern that occurred more than once.
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Figure 5. SSI Informal Reasoning Patterns

Comparing the group data from Figure 5 and the cumulative “Overall” reasoning patterns
for students across the SSI units (See Figure 6, page 112), a large shift towards individual
rationalistic reasoning is seen once again.
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This data suggests that there is an association between SSI and the evolution of student reasoning
patterns to incorporate more rationalistic informal reasoning.

Cumulative "Overall" Reasoning Patterns for SSI (All Students)
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Figure 6. Cumulative “Overall” Reasoning Patterns for SSI (All Students)

Individual Informal Reasoning Shifts in SSI: These changes to the group’s informal
reasoning patterns were not linear, in that students did not proceed from emotive reasoning to
Group ER and then rationalistic reasoning. Often times informal reasoning patterns fluctuated
between questions and frequently varied between units. However, as previously stated, there is
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an association between SSI activities and changes to rationalistic reasoning. Besides being seen
in the group context, it also detectable within individual reasoning patterns.
One particular student that exhibits this informal reasoning transition is Student 11. This
student significantly struggled at the onset of this investigation. However, over the course of the
three-month study, changes in how this individual reasoned through controversial issues
occurred. Table 14 shows the progression of Student 11’s informal reasoning patterns over the
six SSI units. All answers in this table reflect individual responses to all Question 1s on the SSI
questionnaires.
Table 14. Student 11 Responses to Question 1 for Each SSI

Student 11 Responses to Question 1 for Each SSI

NS(Pre)

Yes because cyclist are people too. They are trying to get around but don’t have
the money to buy a car or something else. (Emotive)

NS(Post)

Yes because people should not be killed because of travelling and exercise.
(Intuitive)

RC(Pre)

RC(Post)

MM(Pre)

Well there is not enough information for me to decide. From the article provided
there is not much of a choice except for yes you should ban kids under 16 from
roller coasters. (Rationalistic)
Yes because there were just too many injuries to say no. Just like in a space of a
few days 2 dies gruesomely. One fell out and one got his head cut off. Even sixflags is not safe. It’s one of the most dangerous theme parks in the world. You
might not die but you can be injured seriously. (Rationalistic)
Well I’m somewhere in the middle. I’m all about saving the environment and all
but if the U.S. doesn’t, we don’t have any cars, TV’s, phones. (Rationalistic)

Yes because in 1993, 38 percent of the world production of REEs was in China,
33 percent was in the United States, 12 percent was in Australia. According to
MM(Post) 2013 Worldwide Threat Assessment 2 of National Intelligence Office REEs are
essential to civilian and military technologies and to the 21st century global
economy including green technologies. (Rationalistic)
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Analysis of this participant’s responses shows the evolution from emotive reasoning to
intuitive reasoning and then into continuous rationalistic reasoning. There is also considerable
evidence to support the claim that the quality of argumentation demonstrated by this individual
was significantly enhanced as a result of SSI instruction. These changes took place over the
course of three months and were the outcome of working in collective groups, performing
research and engaging in classroom discourse. This type of development was not isolated as
Students 2, 12, 17, and 21 (See Appendix B) all showed similar patterns of informal reasoning
development (i.e., changes in informal reasoning that started primarily with intuitive and emotive
reasoning and transitioned towards a majority of rationalistic reasoning) over the course of this
study.
The effects witnessed in the development of Student 11 were not seen uniformly across
all participants. In fact, some students that demonstrated higher rationalistic reasoning abilities,
at the beginning of this study, showed little growth over the duration of this investigation.
Student 10 is an incredibly, astute pupil whom often demonstrates reasoning skills above their
peers. This individual showed little deviation in the type of reasoning applied (83% of all
responses were rationalistic reasoning). Table 15 (See page 115) provides this individual’s
responses for all Question 1s on all SSI questionnaires.
Student 10 clearly demonstrated reasoning abilities far above where most 5th graders can
currently perform. This example should not discredit the conclusions drawn from the group
informal reasoning shifts. In actuality, it serves to reinforce the idea that SSI have a strong
association with rationalistic informal reasoning. Student 10 already demonstrated the ability to
perform above grade level in this regard. There simply wasn’t much room to show growth for
this individual. At the same time there was also no regression in this participant’s arguments or
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argument structure. Another participant that showed this developmental trend was Student 16,
whose response rate with 96% rationalistic reasoning (See Appendix B). From these examples it
can be inferred, that SSI provided greater development to less advanced students rather and is
capable of serving a wider range of students than not only high achieving learners.
Table 15. Student 10 Responses to Question 1 for Each SSI

Student 10 Responses to Question 1 for Each SSI
I don’t think so, because there were probably other factors in the car accidents
other than speed, so the speed limit shouldn’t be reduced just because of that.
Also, it could also be partly because the people weren’t in the bicycle lane thingy,
NS(Pre)
because the lanes are kind of thin, and both lanes might have a lot of traffic, so it
might have had to be a choice between hitting another car or hitting a person in
the bicycle lane. (Rationalistic)
The speed limits shouldn’t be lowered, because when speed limits are lower,
drivers feel more safe because they think they’re going to have more reaction
NS(Post)
time, but they don’t, because they aren’t paying attention and they won’t notice
the cyclist until it’s too late. (Rationalistic)
I think theme parks should only ban children of certain ages from certain rides,
like they do with the height requirement thingy, because some smaller children
might not have some parts of their body developed enough to have the amount of
RC(Pre)
pressure the ride creates applied to them, but if a child is old enough to not die
because of the amount of pressure applied, then they should be allowed to go on
the ride.(Rationalistic)
I think that theme parks should only ban some roller coasters for kids under 16,
because those rollercoasters could be the ones that apply dangerous forces that
RC(Post) can cause brain damage, but the roller coasters that don’t cause brain damage
shouldn’t be banned for kids under 16, because it would make no sense to ban a
roller coaster when it is not dangerous. (Rationalistic)
They should because it benefits humans, and if we can’t, the technology
developed over the past century would probably end up being mostly useless,
because they probably use REEs. However, there should be laws that make sure
MM(Pre) the land was returned to the exact same condition it was before (every pebble
back in the same spot) and it should be required to learn how to mine in collage,
then go to a separate school to get a license in order to be allowed to mine.
(Rationalistic)
The U.S. should mine REEs because if China cuts off our supply, then we won’t
have our own REEs to make technology or military weapons, then if we get into a
MM(Post) war we won’t be able to defend ourselves, because of how many things use REEs.
For example even lighter flint uses REEs, so if we don’t mine REEs and china
cuts us off, we’ll basically go back to being cave people. (Rationalistic)
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Summary of Research Question 2
Research Question 2 tried to assess which forms of informal reasoning were present in
student arguments prior to and after SSI interventions. As noted from Research Question 1,
participating students showed evidence of emotive, intuitive, rationalistic and blended reasoning
patterns (i.e., Group ER, Group EI, Group IR and Group EIR) in some capacity on the NS(Pre)
unit. A thorough analysis of the data provided evidence of a significant increase to students’
rationalistic informal reasoning skills after SSI interventions.
Table 13 (See page 109) featured a side-by-side comparison showing the frequency of
each reasoning pattern used by research participants for all SSI units. Data from this table
showed significant increases to rationalistic reasoning and blended reasoning groups featuring a
rationalistic component (i.e., Group ER, Group IR and Group EIR). Reasoning patterns featuring
a rationalistic component rose from 64% of all responses on NS(Pre) to 96% of responses on
MM(Post). This suggests that SSI did have an effect on the rationalistic reasoning development
of students.
Additional data to support this claim was seen in Figure 5 (See page 111) when the
“Overall” reasoning patterns of students for all SSI were placed alongside one another. Moving
from NS(Pre) to MM(Post) there is a progressive drop in intuitive and emotive reasoning and a
continuous increase of rationalistic and blended reasoning patterns. This trend correlates with the
information provided in Table 12, even though the “Overall” ratings do not reflect all forms of
reasoning utilized by each individual.
Finally, the principal researcher provided evidence of one participant’s (Student 11)
informal reasoning shift during SSI instruction. Transitioning from emotive to intuitive and then
towards more rationalistic reasoning, Student 11 went through a progression that improved the
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quality of their argumentation while undergoing a shift in informal reasoning. Student 10, by
contrast, began the SSI instruction with above average rationalistic reasoning skills. This student
did not show the same growth as Student 11, once again supporting the claim that SSI have a
distinct impact on rationalistic reasoning skills as a result of this student not showing any further
development in this specific area.
Research Question 3
After elementary students are presented with controversial issues in a social studies
context, to what extent are informal reasoning skills associated with SSI evident in student
responses prior to and after participating in an SSI curriculum in science?
Research Question 3 was designed to evaluate students’ informal reasoning patterns
when faced with controversial issues in an alternative setting (i.e., a social studies context
implemented in a social studies or language arts classroom) and to determine if SSI had any
effect on these skills. Taking into account the baseline data associated with the Civil War (CW)
SSCI, the principal investigator implemented two additional SSCI units (i.e., Fort Laramie
Treaty (1868) (FLT) and Immigration (IM)). The data collected from the three SSCI units was
analyzed to determine if informal reasoning skills associated with SSI were transferable to SSCI
activities in which students participated.
Group Informal Reasoning Shifts within SSCI: Once again, the principal researcher
used the tally charts (See Appendix A) from the three SSCI questionnaires to create a cross
comparison table (See Table 17, page 119) to better analyze individual differences amongst each
of the questions. For this evaluation, each of the four questionnaire questions were analyzed
separately, (i.e., looking at all Question 1 data for SSCI units). A review of the 4-questionnaire
question can be found in Table 16 (See page 118). The principal researcher then compared any
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trends found in the individual questions to other questions associated with SSCI evaluations
(e.g., Question 1 trends and Question 2 trends). Finally, the principal investigator compared the
data associated with SSCI surveys with those collected during SSI activities.
Table 16. SSCI Questionnaire Questions
SSCI Questions
CW: Should the Union have allowed the Confederate State to secede in order to
prevent the Civil War? Explain your answer.

Question 1

FLT: Should the United States be required to return the Black Hills to the Sioux
Nation and pay for the gold removed? Explain your answer.
IM: Should the United States allow ALL immigrants to come to America?
Explain your answer.

Question 3

Can you think of a reason why someone may disagree with your position?
Explain your answer.
If someone confronted you with this reason, what would you say in response?
How would you defend your position?
CW: Do you think anything could have been done to prevent the Civil War?
Explain your answer.

Question 4

FLT: Do you think anything can be done to settle the dispute between the Sioux
Nation and the United States? Explain your answer.

Question 2

IM: Can you think of a solution to the immigration situation currently going on
in the United States? Explain your answer.
Results from the questionnaire data on SSCI units yielded interesting results. The data
showed the frequency of rationalistic informal reasoning applied by students on Question 1,
fluctuated during the SSCI units. At one point, the rate of rationalistic reasoning decreased
between the CW and FLT units. A decrease in rationalistic reasoning never occurred on the
corresponding Questions 1s from any SSI units. However, a drop in rationalistic reasoning was
observed on Questions 2 and Questions 3 from the SSI units, but did not occur on Question 2 and
Question 3 from the SSCI units.
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Table 17. Cross Comparison of Questions for SSCI Units

Question 1
Emotive
Intuitive
Rationalistic
Group ER
Group EI
Group IR
Group EIR
Incomplete
Question 2
Emotive
Intuitive
Rationalistic
Group ER
Group EI
Group IR
Group EIR
Incomplete
Question 3
Emotive
Intuitive
Rationalistic
Group ER
Group EI
Group IR
Group EIR
Incomplete
Question 4
Emotive
Intuitive
Rationalistic
Group ER
Group EI
Group IR
Group EIR
Incomplete

Civil War

Fort Laramie Treaty

Immigration

1
3
13
1

1
2
11
7

2
12
4
1
1
1

3

3
5
8
2
1

1
5
10
4

3
13
3

1

2

1
7
9
3

2
1
12
4

2

4
7
5
2
1

1
2

1

1

4
12

5
12
2

1
4
10
2
4

5

2
119

This type of inverse effect was first seen during the Research Question 1 summary. It was
suggested that student application of informal reasoning patterns may be contingent upon
situational context or based on the controversial scenario itself. These results seem to reinforce
this earlier inference, implying that informal reasoning skills are applied as necessary by students
when facing controversial issues.
Another interesting result from the Question 1 data was the change in frequency of
blended reasoning patterns. There was a significant increase in blended reasoning patterns,
specifically Group ER, which emerged during the Fort Laramie Treaty (FLT). The blended
reasoning patterns then seemed to diversify (e.g., Group EI, Group IR, & Group EIR) during the
Immigration (IM) unit. Again, the principal researcher is not concluding that the Group ER
responses from the FLT were transferred to other blended reasoning patterns. It is suggested that
student informal reasoning, as a group, is diversifying over the course of the study and the
increased rationalistic reasoning from SSI have resulted in the observance of more blended
reasoning patterns on the final two SSCI units (i.e., FLT and IM).
Data from the second question seemed to become more focused over the course of SSCI
activities. Individual rationalistic reasoning saw a continuous increase during the three units
(8  10  13 occurrences), emotive reasoning fluctuated between units (3  1  3
observations) and individual intuitive reasoning was constant over the first two units before
disappearing completely on the Immigration unit. Blended reasoning (i.e., Group ER & Group
IR) saw a slight increase between the CW and FLT units and only showed a slight shift through
the IM unit.
Information from Question 3 nearly mirrors that from Question 2. There was a steady
increase in rationalistic reasoning (5  9  12 observations) the ebb and flow of emotive
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reasoning (4  1  2 observations), the near elimination of intuitive reasoning (7  7  1
incident) and a slight increase to blended reasoning patterns which happened during the
Immigration unit.
The final question provided some unique information from this data set. Question 4
focused on creating solutions or compromises to certain societal problems and this type of
problem frequently requires rationalistic informal reasoning to complete. However, over the
course of the SSCI units, rationalistic reasoning, in terms of Question 4, saw a slight decrease.
This coupled with the continuous presence of intuitive reasoning throughout all three units was
most unexpected. Usually, there should be an increase in rationalistic reasoning, but this is not
what was observed. Finally, the principal researcher noted there was a significant increase in
blended reasoning Group IR (increased by 4) that occurred between the FLT and IM units.
The most distinctive information observed during the SSCI surveys, pertained to
Questions 1 & 4. Question 1 was primarily focused on the formation of arguments for a specific
topic and the principal researcher expected the students to use a wide range of reasoning
methods. However, there was no significant increase in rationalistic informal reasoning
associated with Question 1. Instead, there was a greater use of blended reasoning patterns (Group
ER, Group EI, Group IR and Group EIR) that occurred. By contrast, the unique occurrence
observed in Question 4 pertained to the inclusion of intuitive reasoning patterns. For Questions
1-3, intuitive reasoning was practically phased out by the Immigration unit. However, this was
not the case for Question 4. Individual intuitive reasoning was implemented consistently across
all three SSCI. To compare the baseline data associated with the Civil War to other SSCI units
the principal investigator used the cross comparison chart (Table 17) to create a chart to show the
cumulative total of informal reasoning skills for all SSCI units (See Table 18, page 122).
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Table 18. Cumulative Total Comparison of Informal Reasoning (SSCI Units)
SSCI Units
Informal
Reasoning
Emotive

Civil War

Fort Laramie Treaty

Immigration

8

3

8

Intuitive

19

19

5

Rationalistic

38

42

47

Group ER

5

16

13

Group EI

2

1

Group IR

1

Group EIR
Incomplete

8
1

12

3

1

Analysis of this table showed a significantly high number of Incomplete reasoning
occurrences. Even though the numbers drop drastically across the three SSCI units, there were
still an exceptionally high number of individual observations for this group. Intuitive reasoning
also experienced a large drop, losing 14 occurrences in between the FLT and the IM units.
Consequently, Group IR showed a significant increase during this time. Again, the investigator is
not concluding that students utilizing intuitive reasoning switched to Group IR, however it is
worth noting since both areas experienced a rapid change and both involved intuitive reasoning.
Rationalistic informal reasoning saw a continuous increase across all questionnaires and it was
the only category that experienced this trend across the SSCI units. A final key takeaway from
this study focused on the emergence of more blended reasoning across the SSCI. Blended
reasoning occurrences rose significantly (7  16  23 observations) over the three-month
study, going from 9% of all answers on the Civil War SSCI to 27% of answers on the
Immigration unit. These changes are visually represented in Figure 7 (See page 123).
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SSCI Informal Reasoning Patterns
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Figure 7. SSCI Informal Reasoning Patterns

When the information in Figure 7 is compared to the “Overall” classification of all
students in Figure 8 (See page 124) a unique trend occurs. Though the rationalistic informal
reasoning observations continuously climbed on independent observations throughout the three
SSCI units, within the “Overall” categorization, it plateaued after the Fort Laramie Treaty. This
was in addition to a very significant increase in blended reasoning, particularly Group ER.
Further analysis of this chart shows a growing trend towards individual rationalistic and blended
reasoning. Based on this data, there seems to be an association between SSI, controversial issues,
rationalistic informal reasoning and blended rationalistic reasoning groups (i.e., Group ER &
Group IR).
Individual Informal Reasoning Shifts with SSCI: Changes to individual informal
reasoning patterns witnessed during SSI units were also documented during participation in SSCI
units. Similarly, students that initially struggled with reasoning skills at the beginning of the
study showed more growth than those that rationalized at higher levels.
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Cumulative “Overall” Reasoning Patterns for SSCI
(All Students)
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Figure 8. Cumulative “Overall” Reasoning Patterns for SSCI (All Students)

This distinction can be seen when comparing Student 5 in Table 19 (See page 125) and Student
16 in Table 20 (See page 126). In this instance, Student 5 initially struggled on SSCI activities.
This was validated by the Incomplete rating they received on Question 1 during the Civil War
SSCI along with an “Overall” classification of Incomplete for the same unit. Conversely, Student
16 rationalized at a higher level and showed little growth during the SSCI units. This pattern of
development mirrors the one seen during the implementation of SSI and reinforces the idea that
SSI affect rationalistic informal reasoning skills and these skills can be transferred to other social
contexts.
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Table 19. Student 5 Responses to Question 1 for Each SSCI

Student 5 Responses to Question 1 for Each SSI

Q1: Should the Union have allowed the Confederate States to secede in order to
prevent the Civil War? Explain your answer.
CW

I believe the Union should have allowed the Confederates to secede because the
Confederates wanted to end slavery. President Lincoln had a choice to let the
confederates go because if they stayed the civil war would have happened. Also,
the confederates did (in my opinion) what they had to do for the right reason.
(Incomplete – Reasoning Error)

Q1: Should the United States be required to return the Black Hills to the Sioux
Nation and pay for the gold removed? Explain your answer.

FLT

I think the United States should have never taken it away, in the first place,
because if they hadn’t the Sioux Warriors wouldn’t have killed General George
Custer’s army. Then they also would never had a trial about it either (in the
Supreme Court). Also the United States wouldn’t owe any money. (Rationalistic)

Q1: Should the United States allow ALL immigrants to come to America?
Explain your answer.

IM

I don’t think the United States [should] because in the text it explains that if we
opened the border, some people think it will lead to the effect of straining
employment and reducing resources. (Rationalistic)
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Table 20. Student 16 Responses to Question 1 for Each SSCI

Student 16 Responses to Question 1 for Each SSI

Q1: Should the Union have allowed the Confederate States to secede in order to
prevent the Civil War? Explain your answer.
CW

No because the Civil War started because of separation, if they stopped the
confederates from starting a new nation they would have to obey the law of the
United States or the Union. (Rationalistic)

Q1: Should the United States be required to return the Black Hills to the Sioux
Nation and pay for the gold removed? Explain your answer.

FLT

I think they should give all the land back and half of the gold. The land was the
Sioux’s so they should get all of that back, but the gold had to be mined and that
took work, so they should get half the gold back. (Rationalistic)

Q1: Should the United States allow ALL immigrants to come to America?
Explain your answer.

IM
No, because the more people that enter the U.S. the less resources, there would be
more crime, less job openings, more cars driving around. (Rationalistic)

Transference of Informal Reasoning (SSI to SSCI): In order to evaluate the effects of
SSI on the transference of informal reasoning skills, the principal investigator merged Figure 5
(See page 111) with Figure 8 (See page 124) to create the cumulative “Overall” reasoning
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pattern chart for all SSI and SSCI units (See Figure 9, page 129). The units were placed in Figure
9 chronologically, to show the developmental trends over the course of the three-month study.
The CW and NS(Pre) being pre-assessments, were both implemented at the same time.
Looking at the pre-assessment data from the Civil War, seven of the eight “buckets” of
informal reasoning were represented within the CW sample (Group EI was not represented),
while six buckets were represented in the NS(Pre) sample (Group EIR and Incomplete were not
present). Since SSCI units were completed as part of independent work and not discussed by
students and the outside instructors, it is reasonable to assume that the SSCI packets completed
by research participants had minimal impact on their informal reasoning development. This is
not to say that the articles in the SSCI packets had no effect on informal reasoning skills.
However, it can be argued that it had minimal effect. Recent research by Wolfe & Williams
(2017) suggests that when individuals read pro and con articles, they tend to view arguments
aligned with their current beliefs as more sound, than those arguments not aligned with their
personal beliefs. Therefore, it can be reasoned that readings associated with SSCI packets would
have a minimal impact on overall informal reasoning patterns and changes to informal reasoning
patterns over time could be the result of SSI instruction. This is an area that will require further
investigation and will be discussed in greater detail in Chapter Five: Future Research.
Examining NS(Pre) and NS(Post), on Figure 8, highlighted only slight variations in the
student informal reasoning patterns. The NS(Post) questionnaire included zero individuals
classified in the emotive reasoning bucket and the results showed only a slight increase to
rationalistic reasoning. Based on this data, there was insufficient evidence to draw conclusion
about the effects of SSI.
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The fourth unit, the Fort Laramie Treaty (1868), produced similar results to NS(Post). It
also featured no individuals categorized in the emotive reasoning bucket and other categories
were distributed like those in NS(Post). Although continuation of the initial trend seen in the CW
and NS(Pre)was encouraging, there was still not enough evidence to show a relationship between
SSI and the transference of informal reasoning skills.
The Roller Coaster Ban pre-assessment, was one of the most significant pieces of
evidence in this study. Results from this questionnaire showed a massive drop in rationalistic
informal reasoning and a wide dispersal of other informal reasoning patterns, both individual and
blended. This particular topic animated the students in class. Research participants’ immediate
reaction after they received the questionnaires was one of disbelief and anger. It was this initial
reaction that led the principal researcher to conclude that the students’ personal connection to
this topic directly resulted in the decrease of rationalistic reasoning and an increase in emotive,
intuitive and blended reasoning patterns. This evidence was also found relevant to the findings of
Research Question 3a.
From RC(Pre) to RC(Post), there was a significant rebound of individuals relying on
rationalistic reasoning (8  14 participants) and the 7 remaining individuals shifted into one of
blended reasoning patterns (e.g., Group ER, Group IR, or Group EIR). At this point in the study,
rationalistic reasoning played a recurring role in the way participants navigated all remaining SSI
and SSCI activities. The final three units MM(Pre), IM and MM(Post) all featured the majority
of students utilizing rationalistic reasoning and those who were not, were utilizing Group ER,
Group IR or Group EIR reasoning.
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Cumulative "Overall" Reasoning Patterns (All Students)
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Figure 9. Cumulative “Overall” Reasoning Patterns All Units (All Students)
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Based on the fact that all students engaged in some form of rationalistic reasoning, whether
isolated or blended, the principal investigator can say that there is an association between SSI
and the transference of rationalistic informal reasoning skills to a social studies context.
Research Question 3a
How do informal reasoning patterns utilized by students in a social studies context
compare to the application of informal reasoning skills within a science domain when navigating
controversial issues?
This research question was specifically focused on discerning any similarities that exist
between the reasoning patterns employed by students in SSI and by contrast SSCI. Research
Question 3 established an association between SSI and the transference of informal reasoning
skills, specifically rationalistic informal reasoning skills, to a social studies context. The purpose
of this research question was to distinguish if students apply reasoning skills uniformly or if they
are applied, based upon the context of each issue.
Reasoning Patterns of SSI and SSCI: Examining the data from all nine units
within this study, similarities in student reasoning patterns do exist between the chosen topics.
However, these similarities only exist when one specifically focuses on the role of rationalistic
reasoning. Moving beyond this scope, results in the principal researcher concluding that
reasoning patterns are conditionally applied based upon the context of the controversial issue
rather than being applied as a linear skill set. This evidence can be observed in Figure 9 (See
page 129).
In terms of SSI, students were most personally engaged during the Roller Coaster Ban
(RC(Pre)). This is reflected in the wide variety of informal reasoning patterns used by students
during the pre-assessment. It also resulted in the lowest incidence of isolated rationalistic
130

reasoning (8) throughout the entire study. In this instance, 13 of 21 students utilized a pattern of
reasoning outside of rationalistic thinking. The principal researcher, earlier in this chapter, made
the case that SSI have an impact on rationalistic reasoning and this is reflected in the postassessment of the Roller Coaster Ban (RC(Post)). The extensive variety of reasoning patterns
seen in the pre-assessment of RC(Pre) transitioned into more isolated rationalistic reasoning and
blended reasoning patterns during the post-assessment. However, this transition only occurred
after research and debate. Meaning that research and discourse, associated with SSI, led students
to alter their reasoning patterns after learning more about the topic. Once again reinforcing the
idea that SSI affect rationalistic reasoning skills.
The principal investigator made reference to the intense personal connection of students
to the RC(Pre) unit questionnaires earlier in this chapter. It was the progression of student
reasoning from RC(Pre) to RC(Post) that helped answer Research Question 3a. If reasoning
patterns were similar between SSI and SSCI, and applied uniformly then the informal reasoning
skills of research participants would not show fluctuations like those that occurred in RC(Pre).
More rationalistic reasoning should have been observed, but this was not the case. Students
applied more emotive and intuitive reasoning because they were more personally connected to
the topic. This suggests that contextual factors dictate when students may apply informal
reasoning skills dependent upon the situation or condition.
Summary of Research Question 3 and Sub-Question 3a
Research Question 3 and subsequent Research Question 3a, specifically focused on
determining if skills associated with SSI, transferred to other subject disciplines, specifically, a
social studies context. It also sought to determine if reasoning skills associated with SSI were
applied to external controversial issues based on a linear skill set (i.e., a method of approaching
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problems according to set steps or rules) or if they were applied, based upon context. The
principal researcher provided evidence that an association between SSI and the transference of
rational informal reasoning skills to controversial issues in a social studies context may exist.
While the strength of this relationship cannot be quantitatively measured, the noticeable shift in
informal reasoning patterns (i.e., rationalistic informal reasoning) clearly suggests an association
at some level subsists. It also suggested that students apply these informal reasoning skills based
more on personal connection to the issues or the context in which it is presented. The principal
researcher does not assume that reasoning patterns associated with intuitive or emotive reasoning
do not transfer to a social studies context, only that there was not enough evidence to definitively
identify SSI as the causation for the transfer of emotive and intuitive informal reasoning skills.
Final Summary for Chapter Four
Data collected as part of this research study provided evidence that students’ possessed
emotive, intuitive, rationalistic and blended informal reasoning skills in both science and a social
studies context prior to SSI instruction. This evidence provided the principal researcher with the
baseline evidence needed to support claims pertaining to SSI and the effects on rationalistic
reasoning and the transference of informal reasoning patterns to a social studies context. As
students engaged in SSI activities, trends in informal reasoning patterns associated with SSI were
identified and changes noticed were addressed and highlighted.
The data collected showed a continual increase in students’ rationalistic informal
reasoning skills, when observing pre and post assessments in SSI, and across all SSCI units
during the study. This coupled with additional increases in blended reasoning groups (e.g.,
Group ER, Group IR and Group EIR) of which rationalistic reasoning is part, helped support the
principal investigator’s claims that SSI have a facilitative and possibly a developmental effect on
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students’ rationalistic informal reasoning skills and these skills, associated with SSI, transfer to
controversial issues in a social studies context.
The results pertaining to this investigation will be discussed in further detail within
Chapter Five. It will focus on the effects of informal reasoning skills and future implications for
elementary science education instruction. Additionally, the transference of these abilities to other
subject disciplines will be examined and a conceptualization for general elementary instruction
incorporating SSI will be put forth.
The principal investigator was not able to clearly identify the transference of intuitive and
emotive informal reasoning skills through an SSI curriculum. This does not mean SSI did not
transfer these skills to outside controversial issues, like rationalistic reasoning, only that there
was not enough evidence to confidently claim the results were uniquely associated with SSI.
Additionally, the principal researcher was not able to draw correlations between perspectives
utilized by students and any one particular type of informal reasoning pattern. The number of
perspectives implemented by students, when facing controversial issues, constantly fluctuated
between all SSI and SSCI units. The lack of correlation between perspectives and informal
reasoning makes sense, as certain aspects of perspective taking are most closely associated with
emotive reasoning (Kahn & Zeidler, 2019). Parallels between argumentation structure and
informal reasoning were also undeterminable; thus, the principal researcher did not pursue
further investigation of the argumentation structure of students. These components of the
investigation will be discussed further within the limitations sections of Chapter Five.
The principal researcher was also not able to establish reasoning patterns between SSI
and SSCI units. It was determined that student interest in the topic itself and the context of the
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situation (i.e., content knowledge, familiarity with the topic, etc.) were the more influential
factors in how students reasoned through problems.
It has been shown that socioscientific issues instruction has the capacity for enhancing
the rationalistic informal reasoning abilities of students and these informal reasoning skills may
be transferred to other subject areas based on the implementation of SSI within a science
classroom. The theoretical and practical applications of this information to the science education
and elementary education communities will be discussed in detail in Chapter Five with
recommendations for future research pertaining to SSI and the development of children.
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Chapter Five: Discussion

Introduction
The purpose of this study was to evaluate the effects of a socioscientific issues (SSI)
based curriculum on the informal reasoning patterns of elementary students and determine if
skills associated with SSI (i.e., informal reasoning skills) transfer to a social studies context. SSI
are open-ended, contentious issues that are scientifically based, which permit the formation of
conflicting arguments from alternative perspectives utilizing informal reasoning (Sadler 2004a;
Zeidler 2014). Like SSI, social studies context issues (SSCI) are described as topics, based on
social studies curriculum standards (i.e., the Civil War, Native Americans, immigration), that
possess a controversial component that can be analyzed from multiple perspectives and
alternative arguments pertaining to the topics can be stated and elucidated. The term SSCI has
not been formally framed by the social studies education community, primarily because these
types of issues have not been evaluated in the context of alternative environments or subject
areas. Issues in social studies (i.e., civics, economics, geography and history) are ordinarily
analyzed and implemented using the College, Career and Civic Life (C3) framework (Herczog
2014), for which there is copious amounts of research to date.
Investigational data was collected in each participant’s science classroom and also within
their language arts or social studies classroom. All members of this study completed
questionnaires prior to and after each implemented SSI topic (i.e., A Need for Speed? – speed
limit reduction, Roller Coaster Ban – preventing child injuries/death, and “Mined” over Matter –
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mining rare earth elements). Participants also independently read two or three short articles in
their social studies or language arts classroom and completed questionnaires pertaining to the
three previously mentioned SSCI. The rest of this discussion will focus on the research goals and
results of the current study and additionally discuss its implications for elementary science
education. It will examine the transference of SSI skills to other social contexts and look at the
connection between the effects of SSI argumentation on informal reasoning skills. After an
analysis of the limitations and potential solutions of this study, the principal researcher will talk
about theoretical and practical implications for science and suggest future areas of research
pertaining to SSI.
The results of this study have both theoretical and practical implications for the science
education community. Additionally, because of this investigation’s focus, the attained results
also have implications for social studies and elementary education. This study extends the
proposition that SSI instill a type of reasoning in a person that is habitual in nature, allowing
students to make sound decisions pertaining to controversial issues in varying societal contexts
(Yang & Tsai, 2010; Zeidler & Nichols, 2009; Zeidler et. al., 2009). Yet, research regarding this
concept has not been thoroughly evaluated outside of a science classroom environment. Many
studies have looked at how SSI impact informal reasoning skills (Akbaş & Çetin, 2018;
Karpudewan & Roth, 2016; Sadler & Zeidler, 2005; Wu & Tsai, 2011), however, none of these
studies or any other studies, have explored if there is a transference of informal reasoning skills
associated with SSI to other subject disciplines or societal constructs.
The results of this study suggest that there may be an association between SSI and the
informal reasoning skills (i.e., emotive, intuitive, and rationalistic) used by students to address
controversial issues in other subject areas (i.e., SSCI units). It also postulates that students at this
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level can think abstractly and successfully participate in SSI activities, as cognitive abilities are
not limited by chronological age (National Research Council, 2007). It supports the idea that the
primary classroom is an appropriate environment to begin the practice of SSI, as its cooperative
setup is a prime atmosphere for the construction of shared knowledge (Sadler & Zeidler, 2005).
Given that a well-designed SSI topic can incorporate many other subject disciplines (Zeidler &
Nichols, 2009), it is feasible to assert that an SSI curriculum can be the foundation of elementary
education upon which all other subjects are built.
Implications for Elementary Science Education
Throughout this investigation the principal researcher sought to determine if: 1)
elementary students possessed informal reasoning skills associated with SSI; 2) determine the
effect to which SSI impacts elementary students’ informal reasoning skills in science; 3) evaluate
if informal reasoning skills associated with SSI transfer to a social studies context; and 4)
determine if students use similar reasoning patterns when negotiating controversial issues across
subject disciplines. Each of these questions is addressed in the paragraphs below.
Question 1: Using the A Need for Speed? (Pre) questionnaire and the Civil War SSCI
questionnaire, the investigator established a baseline data of informal reasoning patterns for SSI
and SSCI units. A visual representation of this data was presented in Chapter Four, Figure 9 (See
page 129). Information in this chart shows the frequency of each informal reasoning pattern
identified in student responses by the principal researcher. This data provided evidence that each
type of informal reasoning skill (i.e., emotive, intuitive & rationalistic) was present in student
responses prior to SSI interventions.
Data from this study is different from other studies looking at how SSI influenced
informal reasoning skills. Karpudewan & Roth (2016), noted that the majority of students (57 of
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68) at the beginning of their study utilized intuitive decision making, whereas this study showed
a majority of students applied rationalistic reasoning. This discrepancy between the two data sets
may be the result of the population used in each study. The principal researcher’s study featured
a convenience sampling of students categorized as gifted. The higher intellectual scores
generally associated with these learners may have resulted in the higher frequency of initial
rationalistic reasoning responses. Additionally, the topics of SSI units utilized by the two studies
may also have resulted in the differences in initial reasoning patterns. Evidenced by the shifts in
reasoning on RC(Pre), the environmental issues implemented by Karpudewan & Roth (2016)
may have also impacted comparison data. The information from this analysis extends current
research pertaining to informal reasoning and SSI and adds to the existing literature by
introducing data specifically focused on gifted learners.
Question 2: Following the implementation of the SSI curriculum, the principal
investigator compared the data from all SSI questionnaires and determined that changes in
informal reasoning patterns occurred. Table 13 (See page 109) and Figure 5 (See page 111)
showed increases to rationalistic reasoning. In A Need for Speed? (Pre) rationalistic reasoning
made up 51% of responses, Group ER comprised 10% and Group IR featured 4%, meaning
rationalistic reasoning categories totaled 65% of all responses. When compared to the “Mined”
over Matter (Post) questionnaire, rationalistic reasoning rose to 88%, Group ER fell to 2% and
Group IR rose to 6% giving rationalistic reasoning categories a combined total of 96% of student
responses. This demonstrated a distinct change to the number of rationalistic reasoning responses
over the course of the study and the reason why the principal researcher determined that SSI
have an impact on rationalistic informal reasoning. Other recent studies have also shown
increases to rationalistic reasoning over the course of their investigations with SSI (Akbaş &
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Çetin, 2018; Georgiou et. al., 2020; Karpudewan & Roth, 2016). This investigation’s data
correlates with the findings of these research studies, reinforcing the idea that SSI have a
distinguishable influence on the rationalistic informal reasoning skills of students engaged in SSI
activities.
Question 3: The principal researcher then tried to determine if informal reasoning skills
associated with SSI activities, transferred to a social studies context. The investigator compared
data from all three SSCI units (i.e., Civil War, Fort Laramie Treaty, & Immigration) and
presented the information in Table 18 (See page 122) and Figure 8 (See page 124). Analysis of
the data showed a rise in rationalistic informal reasoning frequency, similar to the changes
observed within the SSI units. On the Civil War SSCI, rationalistic reasoning made up 45% of
the responses and the blended reasoning (Group ER) represented 6% of the answers, meaning
rationalistic reasoning was observed on 51% of the responses given in students’ social studies
and language arts classrooms. Data from the final SSCI unit (i.e., Immigration) saw an increase
in rationalistic reasoning and observable increases to blended reasoning, specifically Group ER
& Group IR. Rationalistic reasoning contained 56% of answers, Group ER made up 15% and
Group IR comprised 10% of student responses. This resulted in rationalistic reasoning being
present in 82% of all responses (1% for Group EIR). Once again, student answers showed an
increase in rationalistic reasoning. Given the fact that students were not provided direct
instruction on these questionnaires and collaborating teachers did not provide assistance to the
students, it can be concluded that students completed all SSCI packets independently. Since no
treatment was given (in terms of the social studies context issues) and student performance on
these random activities increased in the same manner as those seen in SSI, the principal
researcher inferred that informal reasoning skills associated with SSI transferred to the SSCI. To
139

date, there have been no studies assessing SSI outside of the science classroom, so comparing
data with other relevant studies is not feasible in this instance. As a result, this study adds to the
literature regarding SSI and informal reasoning and introduces data regarding its effects on
informal reasoning in other subject areas (i.e., social studies & language arts).
While data from this study shows increases to students’ rationalistic informal reasoning
patterns, it should be noted that rationalistic reasoning is not the end goal of an SSI curriculum
and it should not be considered the highest level of informal reasoning. It is however, often the
easiest pattern to identify specifically when evaluating student written responses. Students
generally tend to write the shortest answers possible and omit their personal
connections/feelings. They usually consider their own personal needs/wants first, and then how
they are perceived by others (Nichols & Zeidler, 2009). Thus, a curriculum that instills emotive
reasoning should be considered equal to, if not more impactful than one that focuses solely on
rationalistic thought absent of emotive/ethic of care considerations. This idea of teaching
scientific facts without consideration of moral/ethical implications is referred to as an artificial
divorce by some scholars (Nichols & Zeidler, 2009; Sadler & Zeidler, 2005; Zeidler & Sadler,
2008). Emotive reasoning is a necessary component of a well-rounded science education (Kahn
& Zeidler, 2019). The Informal Reasoning Framework, presented as a Venn diagram, serves to
not only identify the three main types of informal reasoning, but also show how these patterns
work together (Sadler & Zeidler, 2005). The interlocking rings signify the necessity of each one
and the ways in which they can coexist. No ring is greater than another and no ring stands apart.
To consider rationalistic reasoning apart from the others would exemplify the idea of an artificial
divorce and result in a flawed science education.

140

Question 4: The final question of this study tried to determine if students used specific
informal reasoning skills (i.e., emotive, intuitive & rationalistic) to navigate controversial issues
or if they randomly applied informal reasoning skills depending upon the topic or context of the
situation. Meaning, the principal researcher looked for patterns in how each student answered
specific questions (i.e., looking at all Student 1’s Question 1s, all Question 2s, etc.), how they
reasoned through SSI activities (i.e., did Student 1 use rationalistic reasoning for NS(Pre) and
NS(Post), etc.), and how they reasoned through SSCI activities (i.e., did Student 1 use intuitive
reasoning on all SSCI activities, etc.). Based upon the collected data, the principal researcher was
not able to distinguish patterns in student responses. There were many observable differences
between SSI and SSCI units for the majority of participants (e.g., 19 students utilized at least 2
types of informal reasoning patterns between SSI and SSCI units). Additionally, there were
variations between pre and post SSI assessments for many students (e.g., 13 students varied
between NS(Pre) and NS(Post)) and differences between answers given for each individual
varied widely between each SSI and SSCI (e.g., Student 1 responses to Question 1s – 1 intuitive,
1 emotive, 1 Group ER, 1 Group IR and 5 rationalistic). These variations led the principal
researcher to conclude that informal reasoning skills are applied conditionally by students based
on the topic or context of the situation. Results from this study correlate with the findings of
Sadler & Zeidler (2005) and extends the literature pertaining to how students apply informal
reasoning patterns when confronted with controversial issues.
Despite the significant inroads SSI has made in the international science education
community, its inclusion at the elementary level has been underutilized. The most common
argument against its implementation focuses on the inability of children to formulate arguments
on complex topics and engage in peer debate. This assumption that children are not capable of
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abstract, complex thinking is a long held-over belief from 30-40 years ago (National Research
Council, 2007).
This study also showed that elementary students began to use more rationalistic reasoning
as they progressed through the SSI curriculum. Conversely, Incomplete reasoning frequency
notably decreased over the course of this study. This evidence suggests that student informal
reasoning skills can be developed and enhanced when they engage in SSI. The primary
explanation for this development is tied to the argumentation and discourse associated with SSI.
Integrating argumentation into the science classroom can enhance communication and reasoning
skills, promote critical thinking, scientific literacy and help foster metacognitive processes
(Aleixandre & Erduran, 2008). Argumentation/discourse is a staple of the SSI curriculum
through which students are exposed to multiple perspectives, differing viewpoints and new ideas.
It is through this collaborative process that students grow personally and socially.
Transference of Informal Reasoning Skills: This study was unique in its assessment of
SSI and its effects on informal reasoning skills outside the science classroom. Although it was
unable to determine if intuitive and emotive reasoning influences transferred from SSI to a social
studies context; it was able to demonstrate a marked increase in rationalistic reasoning in SSCI
units. It was noted above, that several studies pertaining to SSI and the habitual reasoning
patterns developed when partaking in SSI, were transferrable to other societal contexts (Yang &
Tsai, 2010; Zeidler & Nichols, 2009; Zeidler et. al., 2009). This study lends support to these
findings by showing that informal reasoning skills developed through SSI were transferable to a
social studies context (i.e., a societal context). Evidence of this transfer can be seen in Student
1’s responses to Question 4 on the CW, FLT, and IM units in Table 21 (See page 143).
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Table 21. Student 1 Responses to Question 4 on CW, FLT & IM Units

Civil War – Intuitive

Fort Laramie Treaty (1868) – Intuitive

Immigration - Rationalistic

No, because the Confederates were the ones
who attacked first. When President Lincoln
was still deciding to either let them go or
make them stay, the confederates attacked
Fort Sumter. This was the cause and Lincoln
had no choice but to fight.
Something I would think that would settle this
conflict is that America could’ve asked
permission. If the Sioux said no, that stinks
for you America. If the Sioux tribe said yes
congratulations!!
Maybe we could let more immigrants in, but
not all. I think this because China and India
are relatively small compared to the U.S. and
hold over 1 billion people. Meanwhile, U.S.A.
only has a little over 300 million people.
Technically we do have space.

The progression of this student’s arguments is evident over the course of the SSCI units.
Initially utilizing intuitive reasoning for the first and second units, this student then applied
rationalistic informal reasoning for the final unit. Their argument for immigration is much more
organized and focused. It incorporates facts and statistics not provided in the reading articles and
the student rationalized the issues by relating it to the carrying capacity of an environment.
This student answered these SSCI questions during their language arts class. While that
may not seem relevant, it is critical to the idea of SSI transferring to a societal context. This
student provided answers to a controversial issue in language arts. Other students provided
similar answers in their respective social studies classes. Despite the environment in which they
answered these questions, the use of informal reasoning patterns associated with SSI was still
distinguishable. Which ultimately means, that the location of the controversial issue does not
matter and students will apply informal reasoning skills when presented with a controversial
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issues, regardless of location, ergo in an outside societal context and not merely a social studies
context.
Socioscientific issues by nature have cross-disciplinary connections to many other
subject disciplines. It has been shown to reinforce concepts and ideas from all subject areas
(Kahn & Hartman, 2018). Topics covered in class can easily stray into new areas, thus enriching
the classroom discussion and broadening the perspectives of those engaged. This study
highlights the benefits of integrating SSI into elementary science instruction. While the initial
implementation may be difficult, the cross-cultural, inter-disciplinary connections made, make it
an instructional model that can be the basis for science instruction and enhance the overall
education of students.
Effects of SSI on Informal Reasoning Skills: When engaged in SSI activities students
will naturally employ informal reasoning skills to navigate controversial issues and gain insights
into the natural world around them (Sadler, 2004a; Zeidler, 2014). It was earlier stated that
argumentation/discourse can enhance students’ reasoning skills, critical thinking and promote
scientific literacy (Aleixandre & Erduran, 2008). This idea stems from Vygotsky’s theory on
social discourse, which permits individuals to accomplish more when working together than
working alone (Ormrod, 2008). The SSI classroom is a prime example of the collective exchange
of information through discourse, which results in greater comprehension and the development
of group participants.
This investigation showed observable increases in student use of rationalistic reasoning
over the course of this study. This change was noted in both science and social studies contexts,
as a result of engaging in an SSI curriculum. Considering the amount of time (less than 3
months) spent on SSI interventions, this was a notable change. The shifts associated with
144

rationalistic reasoning are distinctly related to the inclusion of argumentation and discourse of
SSI. Whether engaged in peer discussions, conversations with the instructor or participating in
classrooms debates, the social interaction seems to be associated with increases in rationalistic
reasoning. This claim may seem unsubstantiated, but analysis of the data supports this assertion
and puts forth the idea that discourse associated with SSI is the primary factor that causes
students to increase their use of rationalistic reasoning. Looking at Figure 6 (See page 112) there
are considerable shifts to rationalistic reasoning when looking at pre and post SSI assessments
(e.g., NS(Pre) and NS(Post)). However, these sharp increases are not seen in Figure 8 (See page
124). There are more gradual shifts to the rationalistic and blended reasoning patterns of SSCI
units (i.e., Group ER and Group IR), seen in Figure 8. The sharp changes seen in Figure 6 are
indicative of a more immediate change to a person’s reasoning patterns, whereas Figure 8 seems
to support the idea that the overall reasoning pattern of an individual is slowly evolved over an
extended time with constant exposure to SSI. This conclusion is supported by the findings of
Georgiou et. al (2020). They found that students engaged in SSI activities for three hours per
week over the course of 20 weeks showed more rationalistic reasoning and blended reasoning
(Group ER & Group IR) than students who participated for two hours each week for 13 weeks.
The notable changes in this study may be the difference in emersion. Georgiou et. al (2020) had
participants engage in SSI for three and two hours respectively. Within this study, students
participated in daily SSI activities for approximately 7 days per unit, which may have created a
more immersive environment and resulted in increased rationalistic reasoning comparatively
speaking.
The effects of SSI on informal reasoning skills were observable throughout the study’s
duration and these results are not unique to this examination alone. Venville and Dawson (2010)
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explored the effects of classroom argumentation and its effects on argumentation skills,
conceptual understanding and informal reasoning skills of tenth grade students. After only three
lessons, results from Venville & Dawson (2010) found increased argumentation skills, improved
informal reasoning and better conceptual understanding in the group participating in classroom
discourse. While the present study did not specifically address conceptual understanding, it did
note specific changes to informal reasoning.
Individual & Group Reasoning: This study put forth the claim that rationalistic
informal reasoning skills developed through an SSI curriculum can transfer to a social studies
context in other subject areas. It highlighted differences in rationalistic reasoning and blended
reasoning patterns (i.e., Group ER & Group IR) between SSI units (i.e., pre and post
assessments), and across SSCI units as evidence for this change. However, the data must be
viewed with a more critical lens. The most noticeable changes to rationalistic reasoning can be
seen when comparing pre and post assessments on SSI units. This begs the question, are these
results due to a group-thinking mentality upon completion of an SSI activity, or is it actually
impacting individual reasoning?
In this case, there is evidence to support both ideas. The most immediate and observable
shifts come when comparing pre and post assessments for SSI units. It is likely the result of
students completing group research and participating in the class debate. Students are invigorated
after defending their social group’s position and this likely plays a part in the shift towards more
rationalistic reasoning evident in the post results. Yet, this group thinking cannot account for the
shift in rationalistic reasoning over time. Consider that if we remove the post SSI units and
compares the SSCI units and the pre SSI units, there is a steady, gradual change to rationalistic
and blended reasoning over the course of the entire study. SSCI units and pre SSI units were not
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influenced by group thinking, as they were completed independently (i.e., SSCI units) or prior to
group interaction (SSI pre units). The similarities in the gradual shift to rationalistic and blended
reasoning support the idea that SSI impact individual reasoning that can be observed when
measured over time.
Limitations and Potential Solutions
Study Population: The study population for this investigation was significantly impacted
by the principal researcher’s position as a public school educator. While many studies prefer a
heterogeneous populace to better generalize findings, the sample used in this instance was a
convenience sample comprised of “gifted” students assigned to the principal researcher for
acceleration in science. This limitation will obviously cause some individuals to view the results
of this study as skewed due to an advanced group of students. However, the principal researcher
would make the argument against this position. Despite having higher IQ’s than other
heterogeneous classroom settings, several of the students struggled significantly at the onset of
this study (See Table 14, page 113). A unique discovery of this research was that students who
notably struggled at the beginning of this study showed the most growth over its duration. In
fact, the two students with the highest rationalistic informal reasoning skills (Student 10 and
Student 16) showed the least amount of growth. Which supports the idea that SSI can be
implemented at the elementary level, it can accommodate students of different learning levels
and increase rationalistic reasoning.
This study was designed to be initial research into the evaluation of SSI beyond the
science classroom. Additional studies are necessary to gauge a deeper understanding into its
effects on a larger population size. Future studies should be designed to account for varying
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ability levels as well as various grade levels so a more acceptable, generalizable data set can be
attained.
Questionnaires: The questionnaires implemented during the SSI and SSCI units (See
Appendix F & G) of this study were limited in scope. Derived from Sadler & Zeidler’s (2005)
study pertaining to the informal reasoning patterns of college students facing controversial
issues, the principal investigator modified the First Interview Questions to develop the three SSI
and three SSCI unit questionnaires. The language on these documents was modified to lower the
overall reading level and questions between the SSI and SSCI units were altered to prevent
students from drawing connections between the two activities. These questionnaires were field
tested the prior school year and students were unaware they were part of their science class.
A distinct limitation of this study resulted from a lack of semi-formal interviews. All data
collected during this investigation came from student questionnaires. Despite this shortcoming,
the principal researcher was able to collect ample data to show general trends and make
inferences pertaining to the data. However, information and data from this study could have been
enhanced through the incorporation of semi-formal interviews to gain deeper insight into student
perspectives. Unfortunately, due to the teaching position of the principal researcher, interviews
of the 21 students was not feasible within the time parameters. With only 55 minutes provide
each day for instruction and allowing for the loss of classes due to formal testing, it wasn’t
possible to integrate semi-formal interviews.
Collecting data through the use of questionnaires was also a limiting factor. Many
students would rather share their answers verbally, rather than provide them through the
monotonous task of writing down their thoughts. This was evident in several student responses,
particularly Student 3, who wrote single sentence answers for each of the 3 SSCI units. Potential
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solutions to this issue would require a larger research team and additional time to speak with
children. The inclusion of semi-formal interviews would provide a great deal of clarity to the
study, as most students would rather share their answers verbally. Additionally, the questions on
the survey instruments could be viewed as guiding questions, which may have resulted in the
development of more rationalistic responses. Further evaluation of these instruments is needed to
determine if this is accurate.
Collaboration with Additional Educators: Collaboration with other public school
educators made this project very challenging. The challenges did not derive from personality
conflicts between the principal researcher and the instructors implementing the SSCI activities,
rather it was the result of scheduling issues. The large focus on standardized assessments resulted
in significant delays during the study. Many of the standardized tests completed by students are
technology-based, meaning testing schedules for each class must be made to provide time to all
students to take their tests in the computer lab. This often resulted in a loss of time in both social
studies and language arts classrooms. Since the principal researcher was attempting to administer
evaluations for all participants at the same time, finding a common time proved to be incredibly
difficult and time consuming.
Unfortunately, the nature of this investigation requires the collaboration amongst teachers
outside of the science classroom when working in a departmentalized system. This issue could
be resolved if implemented by a self-contained teacher. However, this would result in other
unique challenges like trying to mislead students when implementing the questionnaires in social
studies or reading, as children would be more likely to draw parallels between the two
activities/subjects (i.e., SSI and SSCI questionnaires).
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Time: The greatest challenge associated with this study was finding time to implement
all required activities. Scheduling between four independent teachers and 21 students was
chaotic and problematic. This situation was compounded by the previously mentioned testing
schedules and the impending spring break. SSI take approximately one to two weeks to properly
implement. Attempting to schedule reading articles and questionnaires in language arts and
social studies classes at the same time, left little room for error. It ultimately resulted in the
principal investigator reducing the number of SSI units applied during the course of this study
and collecting the final pieces of data just prior to the students leaving for Spring Break.
Stereotyping Perspectives: Within Chapter Three, the principal investigator described
how students assumed the role of a social perspective when engaging in SSI activities. The
purpose of these social groups was to provide students with a safe environment, so they would
feel less threatened when their ideas were challenged in class, and help them begin to look
beyond their own frame of reference. However, a concern arose pertaining to the formation of
stereotypical assumptions about different societal groups when looking at issues from these
given perspectives. This presents a unique challenge when engaging in SSI, particularly at the
elementary level, when working with younger children. If students are assuming the role of
police officers, as some students did in the A Need for Speed? unit, how will their preexisting
notions or experiences with police officers affect their reasoning and positionality?
One way to address these stereotypical assumptions and present a more authentic
understanding of social groups is by infusing “primary sources” into the classroom environment.
These primary sources include stakeholders and individuals close to the situation whom can
provide a contextual view for these younger learners. Herman, Zeidler, & Newton (2018) had
research participants visit two ranches to discuss a wolf reintroduction program and learn about
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how ranchers were dealing with wolf predation upon their livestock. Those students also
interacted with wildlife biologists, Native American representatives, environmental scientists,
business owners of tourism, and other stakeholders to gain their perspectives of the
reintroduction of wolves into Yellowstone National Park. In terms of this study’s SSI, allowing
students to talk with police officers via ZOOM or classroom visits may have helped students
gain a more authentic view of their social group’s perspective and minimize stereotypical
reasoning through this interaction with stakeholders This also provides young students with
opportunities to grow their personal schema and expand their understanding of controversial
topics by interacting with new members of the community (Newton & Zeidler, 2020).
Theoretical Implications
The novelty of this study has important theoretical implications for elementary education.
This investigation furthers the research pertaining to SSI and moreover, the implementation of
SSI at the elementary level. It builds upon the research pertaining to the effects of SSI on
informal reasoning patterns (Akbaş & Çetin, 2018; Karpudewan & Roth, 2016; Sadler & Zeidler,
2005; Wu & Tsai, 2011) and expands the research into other subject disciplines, particularly
social studies education (Albe, 2008; Chang & Chiu, 2008; Ekborg, 2008; Jallinoja & Aro, 2000;
Keselman, Kaufman, & Patel, 2004).
Results from this study are indicative that further investigation into the transference of
informal reasoning skills from SSI is needed in all other subject disciplines. Given the
interconnectedness of SSI to social studies instruction, this study advances the idea of
collaborative units between the two subject areas moving forward.
While SSI at the elementary level remains underdeveloped, this study serves as a way to
help educators begin to implement methodologies that transcend classrooms and provide more
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enriching opportunities. Moreover, because SSI have many interdisciplinary connections to all
other subject areas, it can be suggested that SSI serve as the foundation of an elementary
curriculum around which other subjects revolve.
Implications for Practice
This study advances the idea that elementary students are capable of successfully
participating in SSI instruction and implementation of this methodology should begin at the
elementary level. Sadler & Zeidler (2005) have proposed that elementary educators are best
suited, to expound upon the multidisciplinary topics of SSI. The National Research Council’s
(2007) report, Taking Science to School (TSTS), focused on outlining new parameters for
science proficiencies, one of which focused on educators facilitating the comprehension of topics
by building upon the previous experiences of students. This facet makes SSI particularly at the
kindergarten level a feasible option, as teachers use the experiences of the group to build a social
collective with controversial ideas. SSI are specifically designed to build upon the previous
experiences of students and use their experiences to bring unique perspectives to classroom
debates. Through discourse and debate, students engage in the formation of formal-logical
thought, which is crucial to the overall psychological development of the child (Karpov, 2003).
While considerable time at the elementary level focuses on the development of
fundamental reading and writing skills, the integration of controversial issues into the language
arts classroom is a feasible option and can further engage young learners as they debate different
aspect of stories (i.e., analyzing the Three Little Pigs and The True Story of the 3 Little Pigs). It
can be argued that science is central to education. Though it has been brushed to the side in the
current atmosphere of high stakes testing, it is the spindle upon which all other subjects may be
wound. Reading, writing and math are set skills, that once learned, serve as a means to help an
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individual interact with their environment. Science is not a set skill. It is not something that can
be mastered; it can only be experienced. Science goes to the core of what is means to be human –
the ability to think and reason.
This study helps provide new information to the discussion on utilizing SSI in the
elementary classroom. Practical science methods like SSI need to become commonplace in
elementary school. Given that this study has shown a noteworthy change in the informal
reasoning patterns of students over the course of three months, an argument can be made for the
integration of SSI at the elementary level.
Content Knowledge and Informal Reasoning: During the coding process discussed in
Chapter Three, multiple student responses were categorized as Incomplete reasoning. Examples
of this categorization included: no answers being provided to questions, cases of fallacious
reasoning, additional reasoning errors, or the misinterpretation of questions resulting in invalid
answers. These problems generally tend to arise due to a student’s lack of content knowledge,
which forces them to reason through issues utilizing intuitive informal reasoning. The use of
emotive and/or rationalistic reasoning often require some conceptual understanding of the topic,
in order to utilize these types of informal reasoning.
While all opinions given, whether correct or incorrect, are valued in terms of the
collective discussion amongst peers, it should be noted that not all are equally valid in terms of
the correctness of facts or logic used to interpret the data. For example, two students may view
data pertaining to climate change and end up with opposing positions on the topic. One may
believe climate change is the result of human influence on the environment and the other may
believe it is a natural occurring process and in no way influenced by human activity. While each
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opinion adds to the group collective, the validity of the answers are unequal in terms of empirical
evidence.
As students engage in additional SSI they are exposed to different types of reasoning
patterns and different perspectives. Discussions between group members facilitates the transfer
of content knowledge, perspectives, and ideas in a peer education environment. Within this
atmosphere, students are more likely to abandon misconceptions to look for better solutions,
participate in argumentation, engage in discovery learning and help each other develop solutions
to problems in an environment of mutual respect (Damon, 1984). SSI facilitates this learning
environment and by extension develops content knowledge or understanding of an issue. By
continuously engaging in debate and discourse student can naturally improve their content
knowledge and enhance their informal reasoning skills.
Collaborations between Science and Social Studies: Results of this study indicate that
informal reasoning skills associated with SSI transfer to a social studies context. Given this
relationship and the similarities in structures of these two subject disciplines (See Table 3, page
60) it makes sense for science and social studies educators to collaborate and implement similar
instructional methodologies. The use of SSI in science and the C3 framework to analyze
historical issues can be beneficial for departmentalized and self-contained teachers alike. Once
students learn how to participate in SSI, there is no loss of instructional time in between science
and social studies classes because students are familiar with in classroom procedures.
To take this idea one-step further, collaborative units can be created that blend science
and social studies together. In examining the current study’s SSI units (i.e., A Need for Speed?,
Roller Coaster Ban, and “Mined” over Matter), it is easy to see how an instructor could quickly
modify these lessons to make them interdisciplinary. For example, A Need for Speed? focused
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on speed limit reduction. While this unit is linked to science concepts like force and motion,
energy, and conservation, it also connects to social studies concepts like the structure and
function of governments, foundations of laws, economics and civic participation. The Roller
Coaster Ban also deals with civics, political participation, the functions of government, and
economics and the “Mined” over Matter SSI can be explored while looking from geography or
economic standards. These are all current 5th grade level standards that could be expounded upon
by a collaborative effort between teachers. Imagine students looking at the A Need for Speed?
issue from a science perspective, only to enrich that learning by transitioning into the functions
of government and learning about civic development and the economy in their social studies
class. Students could gain a much deeper understanding of the concepts and make
interdisciplinary connections that would improve comprehension. The possibilities between SSI
and social studies are virtually endless (Kahn & Hartman, 2018).
Future Research
This study opens the door for evaluating new aspects of SSI instruction at the elementary
level and beyond. Based upon the limited population of this investigation it is recommended that
this research be expanded to incorporate learners of different abilities and grade levels as well.
Future studies should also be broadened to examine other subject disciplines (e.g., language
arts).
Since this study was successful at showing a transference of informal reasoning skills
associated with SSI to a social studies context, it opens new avenues for other aspects associated
with SSI (e.g., multiple perspectives, content knowledge, argumentation structure, etc.) to be
evaluated outside the science classroom. Based upon similar instructional strategies and goals, a
cooperative study into implementing SSI in science and SSCI in social studies courses is
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warranted. Any of these investigations would provide additional information pertaining to the
many facets of an SSI curriculum and provide more evidence for its necessary inclusion at the
elementary level.
Summary
This study postulated that skills associated with SSI were not limited to the science
classroom and attempted to establish the effects of socioscientific issues on the informal
reasoning skills of elementary students. The principal investigator was able to show a
relationship between the use of SSI and the development/increase of rationalistic informal
reasoning patterns. Additionally, the principal researcher provided evidence that transference of
informal reasoning skills (i.e., rationalistic reasoning) from SSI to controversial issues in a social
studies context exists. This study was novel in its evaluation of SSI and should be viewed as
preliminary research, one that should be expanded to include multiple grade levels (i.e.,
kindergarten – 5th grade) and varying academic abilities. If possible, this study should be
modified to incorporate the use of interviews and/or video recordings to supplement data and
expanded to assess informal reasoning skills in other subject disciplines (i.e., math & language
arts). Finally, this study should be varied to evaluate students’ informal reasoning skills and
moral development after participating in a continuous SSI curriculum for the duration of
elementary school. By providing students with consistent exposure to SSI, both in and beyond
the science classroom, it is hoped that we may achieve Martin Luther King Jr.’s vision for
education. To teach children to think intensively and to think critically, increasing intelligence
and developing virtuous character - that is the true goal of an SSI education.
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Personal Note
As an educator with 17 years of experience at the elementary level, I have seen my fair
share of instructional, science methods come and go. I personally started utilizing SSI instruction
13 years ago, after taking the Trends in Science Education course at the University of South
Florida with Dr. Dana Zeidler. At the time, Dr. Zeidler was familiar with the application of SSI
at the middle school, high school and college level. However, it had not been applied to primary
students. I approached him about using this at the elementary level and the idea intrigued him.
With his help, I designed a methodology for integrating it into the elementary science classroom
and I have successfully employed this technique with thousands of students since that time.
In today’s age of assessment, most teachers focus solely on student performance on
standardized tests. They often choose instructional methods that target specific skills
independently of one another and these methods often lack critical analysis. After I started
utilizing SSI in my classroom, the average score of my students was in the highest level
attainable on their standardized science assessments. To clarify, I have not always been a gifted
instructor and I have employed SSI with students of all ability levels.
To my initial surprise, my students that struggled most in class were my most outspoken,
engaged learners during SSI activities. I personally believe this occurs because SSI levels the
playing field. The cooperation of students sharing ideas verbally and working together help
students with learning disabilities compensate for their limitations. A student may not read on
grade level, but if students read articles together, they can help each other gain the content
knowledge necessary to engage in SSI activities. It promotes unity and allows all students to
grow.
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Few instructional techniques can affect student learning like SSI. Many teachers find the
idea of student led discussions and moving to a facilitator role difficult, because it goes against
how they are trained in their classroom management courses. It takes faith to implement, but the
rewards far outweigh the risks. SSI is the instructional strategy that changed my career and my
student’s lives. I often have parents come back and tell me that their students are overprepared
for middle school and do not learn any new science until 9th grade. This is both incredibly
rewarding and incredibly sad at the same time. To watch students grow through SSI while they
are with me, only to regress in middle school, is detrimental to their development and our
society’s as well. I wholly believe in SSI and its abilities to develop critical, compassionate
individuals capable of meeting the challenges our world faces with strong leadership, new ideas
and empathy to do what’s right for the good of the many.
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Appendix A: Frequency Tables for Individual SSI & SSCI Units

Table 1A. Civil War - Tally of Informal Reasoning Patterns Observed
Informal
Reasoning
Emotive

Question 1

Question 2

Question 3

1

3

4

Intuitive

3

5

7

4

19

Rationalistic

13

8

5

12

38

Group ER

1

2

2

5

1

1

2

2

2

Group EI

Question 4

Totals
8

Group IR
Group EIR
Incomplete

3

5

12

Table 2A. A Need for Speed? (Pre) – Tally of Informal Reasoning Patterns Observed
Informal
Reasoning
Emotive

Question 1

Question 2

Question 3

4

1

2

Intuitive

3

3

6

5

17

Rationalistic

7

15

6

15

43

Group ER

4

1

2

1

8

Group EI
Group IR

1

Question 4

Totals
7

1

3

3

Group EIR
Incomplete

5

171

5

Table 3A. A Need for Speed? (Post) – Tally of Informal Reasoning Patterns Observed
Informal
Reasoning

Question 1

Question 2

Question 3

Question 4

Totals

Emotive

2

1

1

Intuitive

5

2

3

2

12

Rationalistic

10

11

10

15

51

Group ER

1

1

1

Group EI

1

1

Group IR

2

1

3

3

9

4

3

1

8

4

3
2

Group EIR
Incomplete

Table 4A. Fort Laramie Treaty (1868) – Tally of Informal Reasoning Patterns Observed
Informal
Reasoning

Question 1

Question 2

Question 3

Question 4

Totals

Emotive

1

1

1

Intuitive

2

5

7

5

19

Rationalistic

11

9

8

12

40

Group ER

7

4

3

2

16

3

Group EI
Group IR

1

1

Group EIR
Incomplete

1

172

2

3

Table 5A. Roller Coaster Ban (Pre) – Tally of Informal Reasoning Patterns Observed
Informal
Reasoning

Question 1

Question 2

Question 3

Emotive

2

1

1

Intuitive

1

5

5

3

14

Rationalistic

12

7

11

13

43

Group ER

4

3

2

2

11

Group EI
Group IR

Question 4

Totals
4

1
2

1

4

2

8

Group EIR
Incomplete

3

3

Table 6A. Roller Coaster Ban (Post) – Tally of Informal Reasoning Patterns Observed
Informal
Reasoning
Emotive

Question 1

Question 2

Question 3

1

Intuitive

Question 4

3

Totals
4

3

2

2

7

Rationalistic

12

9

9

15

45

Group ER

4

3

1

1

9

Group EI

1

1

2

Group IR

3

5

2

4
3

13

Group EIR
Incomplete

2

173

2

Table 7A. “Mined” over Matter (Pre) – Tally of Informal Reasoning Patterns Observed
Informal
Reasoning

Question 2

Question 3

Emotive

1

2

3

Intuitive

1

6

7

10

10

16

56

2

2

1

5

6

1

2

10

2

3

Rationalistic

Question 1

20

Group ER

Question 4

Totals

Group EI
Group IR

1

Group EIR
Incomplete

1

Table 8A. Immigration – Tally of Informal Reasoning Patterns Observed
Informal
Reasoning
Emotive

Question 1

Question 2

Question 3

Question 4

Totals

3

3

2

1

9

1

4

5

Intuitive
Rationalistic

12

13

12

10

47

Group ER

4

3

4

2

13

Group IR

1

2

1

4

8

Group EIR

1

Group EI

1

Incomplete

1

174

1

Table 9A. “Mined” over Matter (Post) – Tally of Informal Reasoning Patterns Observed
Informal
Reasoning

Question 1

Question 2

Question 3

Question 4

Totals

Emotive

1

1

Intuitive

1

1

Rationalistic

20

Group ER

18

18

1

1

18

74
2

Group EI
Group IR

1

2

2

5

1

1

Group EIR
Incomplete
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Appendix B: Informal Reasoning Summaries for All Research Participants

Due to the formatting of Informal Reasoning Summaries, Participant Summaries will begin on
the next.
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Student 1
Informal Reasoning Summary
Units
1. The Civil War

Question 1

Question 2

Question 3

Question 4

Overall

Intuitive

Group ER

Group ER

Intuitive

Group EIR

2. A Need for Speed? (Pre)

Emotive

Group ER

Group ER

Rationalistic

Group ER

3. A Need for Speed? (Post)

Rationalistic

Rationalistic

Intuitive

Rationalistic

Rationalistic

Group ER

Group ER

Group ER

Intuitive

Group ER

4. Fort Laramie Treaty (1868)
5. Roller Coaster Ban (Pre)

Rationalistic

Emotive

Rationalistic

Rationalistic

Rationalistic

6. Roller Coaster Ban (Post)

Group IR

Group ER

Rationalistic

Rationalistic

Rationalistic

7. “Mined” over Matter (Pre)

Rationalistic

Rationalistic

Group IR

Rationalistic

Rationalistic

8. Immigration

Rationalistic

Group ER

Rationalistic

Rationalistic

Rationalistic

9. “Mined” over Matter (Post)

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Emotive

Rationalistic
  
  





1. The Civil War

Number of
Perspectives
(P/O/P = T)

Argument
Structure

Group EIR

1/3/0 = 4

AC

2. A Need for Speed? (Pre)

Rationalistic

1/4/0 = 5

AC*

3. A Need for Speed? (Post)

Rationalistic

1/2/0 = 3

AC*

Group ER

1/2/0 = 3

AC

5. Roller Coaster Ban (Pre)

Rationalistic

1/3/0 = 4

AC

6. Roller Coaster Ban (Post)

Rationalistic

1/2/0 = 3

ACR

7. “Mined” over Matter (Pre)

Rationalistic

1/4/0 = 5

ACR*

8. Immigration

Rationalistic

1/3/0 = 4

ACR*

9. “Mined” over Matter (Post)

Rationalistic

1/4/0 = 5

AC

4. Fort Laramie Treaty (1868)

Intuitive

Informal
Reasoning

Group EI = Emotive & Intuitive
Group ER = Emotive & Rationalistic
Group IR = Intuitive & Rationalistic
Group EIR= Emotive, Intuitive & Rationalistic

Informal Reasoning Framework. Note. From “Patterns of Informal Reasoning in the Context of
Socioscientific Decision Making” by T. D. Sadler & D.L. Zeidler, 2005, In Journal of Research
in Science Teaching, Volume 42, Issue 1, p. 121. Wiley Periodicals Inc. Copyright 2004.
Reprinted and modified with permission from Wiley Periodicals, Inc.
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Student 2
Informal Reasoning Summary
Units

Question 1

Question 2

Question 3

Question 4

Overall

Incomplete

Intuitive

Intuitive

Incomplete

Intuitive

1. The Civil War
2. A Need for Speed? (Pre)

Emotive

Intuitive

Intuitive

Intuitive

Intuitive

3. A Need for Speed? (Post)

Group ER

Incomplete

Rationalistic

Group IR

Rationalistic

Rationalistic

Intuitive

Intuitive

Rationalistic

Group IR

4. Fort Laramie Treaty (1868)
5. Roller Coaster Ban (Pre)

Group IR

Intuitive

Intuitive

Intuitive

Intuitive

6. Roller Coaster Ban (Post)

Rationalistic

Rationalistic

Emotive

Rationalistic

Rationalistic

7. “Mined” over Matter (Pre)

Rationalistic

Group IR

Emotive

Rationalistic

Rationalistic

8. Immigration

Rationalistic

Rationalistic

Rationalistic

Intuitive

Rationalistic

Group IR

Rationalistic

Intuitive

Rationalistic

Group IR

9. “Mined” over Matter (Post)

Rationalistic
 
 


Informal
Reasoning

Number of
Perspectives
(P/O/P = T)

1. The Civil War

Intuitive

1/0/0 = 1

-

2. A Need for Speed? (Pre)

Intuitive

1/2/0 = 3

A

3. A Need for Speed? (Post)

Rationalistic

1/1/0 = 2

A

4. Fort Laramie Treaty (1868)

Group IR

1/0/0 = 1

A*

5. Roller Coaster Ban (Pre)

Intuitive

1/1/0 = 2

A

6. Roller Coaster Ban (Post)

Rationalistic

1/3/0 = 4

AC*

7. “Mined” over Matter (Pre)

Rationalistic

1/3/0 = 4

ACR*

8. Immigration

Rationalistic

1/2/0 = 3

AC

Group IR

1/1/0 = 2

AC

Emotive



  
Intuitive

9. “Mined” over Matter (Post)

Argument
Structure

Group EI = Emotive & Intuitive
Group ER = Emotive & Rationalistic
Group IR = Intuitive & Rationalistic
Group EIR= Emotive, Intuitive & Rationalistic

Informal Reasoning Framework. Note. From “Patterns of Informal Reasoning in the Context of
Socioscientific Decision Making” by T. D. Sadler & D.L. Zeidler, 2005, In Journal of Research
in Science Teaching, Volume 42, Issue 1, p. 121. Wiley Periodicals Inc. Copyright 2004.
Reprinted and modified with permission from Wiley Periodicals, Inc.
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Student 3
Informal Reasoning Summary
Units

Question 1

Question 2

Question 3

Question 4

Overall

Intuitive

Intuitive

Intuitive

Incomplete

Intuitive

2. A Need for Speed? (Pre)

Group ER

Rationalistic

Emotive

Rationalistic

Group ER

3. A Need for Speed? (Post)

Intuitive

Incomplete

Incomplete

Incomplete

Incomplete

4. Fort Laramie Treaty (1868)

Intuitive

Intuitive

Intuitive

Rationalistic

Intuitive

5. Roller Coaster Ban (Pre)

Rationalistic

Rationalistic

Rationalistic

Incomplete

Rationalistic

6. Roller Coaster Ban (Post)

Rationalistic

Group IR

Rationalistic

Rationalistic

Rationalistic

7. “Mined” over Matter (Pre)

Rationalistic

Intuitive

Rationalistic

Group IR

Group IR

8. Immigration

Rationalistic

Group IR

Intuitive

Intuitive

Group IR

9. “Mined” over Matter (Post)

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

1. The Civil War

Emotive

Rationalistic


  



1. The Civil War




Intuitive

Informal
Reasoning

Number of
Perspectives
(P/O/P = T)

Argument
Structure

Intuitive

1/0/0 = 1

A

2. A Need for Speed? (Pre)

Group ER

1/2/0 = 3

ACR

3. A Need for Speed? (Post)

Intuitive

1/0/0 = 1

A

4. Fort Laramie Treaty (1868)

Intuitive

1/0/0 = 1

AC*

5. Roller Coaster Ban (Pre)

Rationalistic

1/1/0 = 2

ACR

6. Roller Coaster Ban (Post)

Rationalistic

1/3/0 = 4

ACR

7. “Mined” over Matter (Pre)

Group IR

1/3/0 = 4

ACR*

Group IR
Rationalistic

1/2/0 = 3

A

1/1/0 = 2

ACR

8. Immigration
9. “Mined” over Matter (Post)

Group EI = Emotive & Intuitive
Group ER = Emotive & Rationalistic
Group IR = Intuitive & Rationalistic
Group EIR= Emotive, Intuitive & Rationalistic

Informal Reasoning Framework. Note. From “Patterns of Informal Reasoning in the Context of
Socioscientific Decision Making” by T. D. Sadler & D.L. Zeidler, 2005, In Journal of Research
in Science Teaching, Volume 42, Issue 1, p. 121. Wiley Periodicals Inc. Copyright 2004.
Reprinted and modified with permission from Wiley Periodicals, Inc.
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Student 4
Informal Reasoning Summary
Units

Question 1

Question 2

Question 3

Question 4

Overall

Rationalistic

Emotive

Rationalistic

Incomplete

Rationalistic

2. A Need for Speed? (Pre)

Intuitive

Rationalistic

Rationalistic

Intuitive

Group IR

3. A Need for Speed? (Post)

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

4. Fort Laramie Treaty (1868)

Rationalistic

Group ER

Group ER

Group ER

Group ER

5. Roller Coaster Ban (Pre)

Rationalistic

Group ER

Rationalistic

Rationalistic

Rationalistic

6. Roller Coaster Ban (Post)

Rationalistic

Rationalistic

Rationalistic

Group IR

Rationalistic

7. “Mined” over Matter (Pre)

Rationalistic

Group ER

Group ER

Rationalistic

Group ER

Emotive

Rationalistic

Rationalistic

Group IR

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

1. The Civil War

8. Immigration
9. “Mined” over Matter (Post)

Emotive

Rationalistic









1. The Civil War

Number of
Perspectives
(P/O/P = T)

Argument
Structure

Rationalistic

1/1/0 = 2

ACR

2. A Need for Speed? (Pre)

Group IR

1/2/0 = 3

AC

3. A Need for Speed? (Post)

Rationalistic

1/1/0 = 2

AC

Group ER

1/1/1 = 3

ACR*

5. Roller Coaster Ban (Pre)

Rationalistic

1/1/0 = 2

AC

6. Roller Coaster Ban (Post)

Rationalistic

1/4/0 = 5

ACR

7. “Mined” over Matter (Pre)

Group ER

1/3/0 = 4

ACR*

Group IR
Rationalistic

1/3/0 = 4

ACR

1/1/0 = 2

ACR*

4. Fort Laramie Treaty (1868)

8. Immigration

Intuitive

Informal
Reasoning

9. “Mined” over Matter (Post)

Group EI = Emotive & Intuitive
Group ER = Emotive & Rationalistic
Group IR = Intuitive & Rationalistic
Group EIR= Emotive, Intuitive & Rationalistic

Informal Reasoning Framework. Note. From “Patterns of Informal Reasoning in the Context of
Socioscientific Decision Making” by T. D. Sadler & D.L. Zeidler, 2005, In Journal of Research
in Science Teaching, Volume 42, Issue 1, p. 121. Wiley Periodicals Inc. Copyright 2004.
Reprinted and modified with permission from Wiley Periodicals, Inc.
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Student 5
Informal Reasoning Summary
Units

Question 1

Question 2

Question 3

Question 4

Overall

1. The Civil War

Incomplete

Incomplete

Incomplete

Rationalistic

Incomplete

2. A Need for Speed? (Pre)

Rationalistic

Intuitive

Incomplete

Rationalistic

Rationalistic

3. A Need for Speed? (Post)

Rationalistic

Intuitive

Incomplete

Rationalistic

Rationalistic

4. Fort Laramie Treaty (1868)

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic
Intuitive

5. Roller Coaster Ban (Pre)

Group ER

Intuitive

Intuitive

Incomplete

6. Roller Coaster Ban (Post)

Rationalistic

Group IR

Group EI

Intuitive

Group IR

7. “Mined” over Matter (Pre)

Rationalistic

Rationalistic

Emotive

Rationalistic

Rationalistic

8. Immigration

Rationalistic

Rationalistic

Incomplete

Rationalistic

Rationalistic

9. “Mined” over Matter (Post)

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Informal
Reasoning

Number of
Perspectives
(P/O/P = T)

1. The Civil War

Incomplete

1/0/0 = 1

-

2. A Need for Speed? (Pre)

Rationalistic

1/2/0 = 3

A

3. A Need for Speed? (Post)

Rationalistic

1/2/0 = 3

A

4. Fort Laramie Treaty (1868)

Rationalistic

1/3/0 = 4

AC

Intuitive

1/2/0 = 3

A

6. Roller Coaster Ban (Post)

Group IR

1/2/0 = 3

AC

7. “Mined” over Matter (Pre)

Rationalistic

1/2/0 = 3

AC

8. Immigration

Rationalistic
Rationalistic

1/1/0 = 2

AC*

1/2/0 = 3

ACR

Emotive

 




Intuitive

5. Roller Coaster Ban (Pre)

9. “Mined” over Matter (Post)

Argument
Structure

Group EI = Emotive & Intuitive
Group ER = Emotive & Rationalistic
Group IR = Intuitive & Rationalistic
Group EIR= Emotive, Intuitive & Rationalistic

Informal Reasoning Framework. Note. From “Patterns of Informal Reasoning in the Context of
Socioscientific Decision Making” by T. D. Sadler & D.L. Zeidler, 2005, In Journal of Research
in Science Teaching, Volume 42, Issue 1, p. 121. Wiley Periodicals Inc. Copyright 2004.
Reprinted and modified with permission from Wiley Periodicals, Inc.
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Student 6
Informal Reasoning Summary
Units

Question 1

Question 2

Question 3

Question 4

Overall

Rationalistic

Rationalistic

Group EI

Rationalistic

Rationalistic

2. A Need for Speed? (Pre)

Group IR

Rationalistic

Incomplete

Intuitive

Group IR

3. A Need for Speed? (Post)

Intuitive

Rationalistic

Intuitive

Rationalistic

Group IR

4. Fort Laramie Treaty (1868)

Rationalistic

Rationalistic

Rationalistic

Incomplete

Rationalistic

5. Roller Coaster Ban (Pre)

Rationalistic

Group ER

Group ER

Rationalistic

Group ER

6. Roller Coaster Ban (Post)

Group IR

Group IR

Rationalistic

Rationalistic

Group IR

7. “Mined” over Matter (Pre)

Rationalistic

Rationalistic

Intuitive

Rationalistic

Rationalistic

Group ER

Rationalistic

Rationalistic

Group IR

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

1. The Civil War

8. Immigration
9. “Mined” over Matter (Post)

Emotive

Rationalistic


 





Intuitive

1. The Civil War

Informal
Reasoning

Number of
Perspectives
(P/O/P = T)

Argument
Structure

Rationalistic

1/4/0 = 5

ACR

2. A Need for Speed? (Pre)

Group IR

1/2/0 = 3

AC

3. A Need for Speed? (Post)

Group IR

1/2/0 = 3

AC

Rationalistic

1/2/0 = 3

ACR

Group ER

1/1/0 = 2

ACR

6. Roller Coaster Ban (Post)

Group IR

1/1/0 = 2

AC

7. “Mined” over Matter (Pre)

Rationalistic

1/3/0 = 4

AC

8. Immigration

Rationalistic

1/2/0 = 3

ACR*

9. “Mined” over Matter (Post)

Rationalistic

1/2/0 = 3

ACR*

4. Fort Laramie Treaty (1868)
5. Roller Coaster Ban (Pre)

Group EI = Emotive & Intuitive
Group ER = Emotive & Rationalistic
Group IR = Intuitive & Rationalistic
Group EIR= Emotive, Intuitive & Rationalistic

Informal Reasoning Framework. Note. From “Patterns of Informal Reasoning in the Context of
Socioscientific Decision Making” by T. D. Sadler & D.L. Zeidler, 2005, In Journal of Research
in Science Teaching, Volume 42, Issue 1, p. 121. Wiley Periodicals Inc. Copyright 2004.
Reprinted and modified with permission from Wiley Periodicals, Inc.
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Student 7
Informal Reasoning Summary
Units

Question 1

Question 2

Question 3

Question 4

Overall

1. The Civil War

Rationalistic

Emotive

Intuitive

Incomplete

Group EIR

2. A Need for Speed? (Pre)

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

3. A Need for Speed? (Post)

Group IR

Rationalistic

Rationalistic

Rationalistic

Rationalistic

4. Fort Laramie Treaty (1868)

Group ER

Group IR

Intuitive

Rationalistic

Group IR

5. Roller Coaster Ban (Pre)

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

6. Roller Coaster Ban (Post)

Rationalistic

Group ER

Group IR

Rationalistic

Rationalistic

7. “Mined” over Matter (Pre)

Group IR

Group IR

Intuitive

Rationalistic

Group IR

8. Immigration

Group ER

Rationalistic

Rationalistic

Group ER

Group ER

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

9. “Mined” over Matter (Post)

Emotive

Rationalistic
  
 







1. The Civil War

Number of
Perspectives
(P/O/P = T)

Argument
Structure

Group EIR

1/2/0 = 3

ACR

2. A Need for Speed? (Pre)

Rationalistic

1/1/0 = 2

AC*

3. A Need for Speed? (Post)

Rationalistic

1/2/0 = 3

ACR

Group IR

1/2/0 = 3

ACR*

5. Roller Coaster Ban (Pre)

Rationalistic

1/2/0 = 3

AC

6. Roller Coaster Ban (Post)

Rationalistic

1/1/0 = 2

AC

7. “Mined” over Matter (Pre)

Group IR

1/1/0 = 2

AC

8. Immigration

Group ER

1/1/0 = 2

ACR

Rationalistic

1/1/0 = 2

ACR*

4. Fort Laramie Treaty (1868)

Intuitive

Informal
Reasoning

9. “Mined” over Matter (Post)

Group EI = Emotive & Intuitive
Group ER = Emotive & Rationalistic
Group IR = Intuitive & Rationalistic
Group EIR= Emotive, Intuitive & Rationalistic

Informal Reasoning Framework. Note. From “Patterns of Informal Reasoning in the Context of
Socioscientific Decision Making” by T. D. Sadler & D.L. Zeidler, 2005, In Journal of Research
in Science Teaching, Volume 42, Issue 1, p. 121. Wiley Periodicals Inc. Copyright 2004.
Reprinted and modified with permission from Wiley Periodicals, Inc.

183

Student 8
Informal Reasoning Summary
Units

Question 1

Question 2

Question 3

Question 4

Overall

Rationalistic

Group ER

Group ER

Rationalistic

Group ER

2. A Need for Speed? (Pre)

Group ER

Rationalistic

Rationalistic

Rationalistic

Rationalistic

3. A Need for Speed? (Post)

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

4. Fort Laramie Treaty (1868)

Rationalistic

Group ER

Rationalistic

Rationalistic

Rationalistic

5. Roller Coaster Ban (Pre)

Group IR

Group IR

Group IR

Rationalistic

Group IR

6. Roller Coaster Ban (Post)

Group EI

Group EI

Group IR

Rationalistic

Group EIR

7. “Mined” over Matter (Pre)

Rationalistic

Incomplete

Rationalistic

Rationalistic

Rationalistic

8. Immigration

Rationalistic

Emotive

Group ER

Rationalistic

Group ER

9. “Mined” over Matter (Post)

Rationalistic

Group ER

Group ER

Rationalistic

Group ER

1. The Civil War

Rationalistic








Emotive



1. The Civil War

Number of
Perspectives
(P/O/P = T)

Argument
Structure

Group ER

1/3/1 = 5

ACR*

2. A Need for Speed? (Pre)

Rationalistic

1/2/0 = 3

A*

3. A Need for Speed? (Post)

Rationalistic

1/1/0 = 2

ACR*

4. Fort Laramie Treaty (1868)

Rationalistic

1/3/0 = 4

ACR*

Group IR

1/2/0 = 3

ACR

6. Roller Coaster Ban (Post)

Group EIR

1/2/0 = 3

ACR

7. “Mined” over Matter (Pre)

Rationalistic

1/0/0 = 1

A*

8. Immigration

Group ER

1/1/0 = 2

ACR

9. “Mined” over Matter (Post)

Group ER

1/1/0 = 2

ACR

5. Roller Coaster Ban (Pre)

Intuitive

Informal
Reasoning

Group EI = Emotive & Intuitive
Group ER = Emotive & Rationalistic
Group IR = Intuitive & Rationalistic
Group EIR= Emotive, Intuitive & Rationalistic

Informal Reasoning Framework. Note. From “Patterns of Informal Reasoning in the Context of
Socioscientific Decision Making” by T. D. Sadler & D.L. Zeidler, 2005, In Journal of Research
in Science Teaching, Volume 42, Issue 1, p. 121. Wiley Periodicals Inc. Copyright 2004.
Reprinted and modified with permission from Wiley Periodicals, Inc.
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Student 9
Informal Reasoning Summary
Units

Question 1

Question 2

Question 3

Question 4

Overall

1. The Civil War

Rationalistic

Rationalistic

Intuitive

Rationalistic

Rationalistic

2. A Need for Speed? (Pre)

Rationalistic

Rationalistic

Intuitive

Rationalistic

Rationalistic

3. A Need for Speed? (Post)

Group IR

Group EI

Rationalistic

Rationalistic

Group IR

4. Fort Laramie Treaty (1868)

Group ER

Rationalistic

Intuitive

Rationalistic

Rationalistic

5. Roller Coaster Ban (Pre)

Rationalistic

Rationalistic

Group ER

Group ER

Group ER

6. Roller Coaster Ban (Post)

Group ER

Rationalistic

Rationalistic

Group ER

Group ER

7. “Mined” over Matter (Pre)

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

8. Immigration

Rationalistic

Group IR

Group ER

Group ER

Group ER

9. “Mined” over Matter (Post)

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic
  






Informal
Reasoning

Number of
Perspectives
(P/O/P = T)

Argument
Structure

1. The Civil War

Rationalistic

1/2/1 = 4

ACR

2. A Need for Speed? (Pre)

Rationalistic

1/1/0 = 2

A*

3. A Need for Speed? (Post)

Group IR

1/2/0 = 3

ACR*

Rationalistic

1/2/0 = 3

ACR*

Group ER

1/2/0 = 3

ACR*

6. Roller Coaster Ban (Post)

Group ER

1/2/0 = 3

AC

7. “Mined” over Matter (Pre)

Rationalistic

1/2/0 = 3

ACR*

Group ER

1/1/0 = 2

ACR

Rationalistic

1/2/0 = 3

AC*

Emotive



4. Fort Laramie Treaty (1868)
5. Roller Coaster Ban (Pre)

8. Immigration

Intuitive

9. “Mined” over Matter (Post)

Group EI = Emotive & Intuitive
Group ER = Emotive & Rationalistic
Group IR = Intuitive & Rationalistic
Group EIR= Emotive, Intuitive & Rationalistic

Informal Reasoning Framework. Note. From “Patterns of Informal Reasoning in the Context of
Socioscientific Decision Making” by T. D. Sadler & D.L. Zeidler, 2005, In Journal of Research
in Science Teaching, Volume 42, Issue 1, p. 121. Wiley Periodicals Inc. Copyright 2004.
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Student 10
Informal Reasoning Summary
Units

Question 1

Question 2

Question 3

Question 4

Overall

1. The Civil War

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

2. A Need for Speed? (Pre)

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

3. A Need for Speed? (Post)

Rationalistic

Rationalistic

Group IR

Rationalistic

Rationalistic

4. Fort Laramie Treaty (1868)

Rationalistic

Rationalistic

Rationalistic

Intuitive

Rationalistic

5. Roller Coaster Ban (Pre)

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

6. Roller Coaster Ban (Post)

Rationalistic

Group IR

Group ER

Rationalistic

Rationalistic

7. “Mined” over Matter (Pre)

Rationalistic

Group IR

Rationalistic

Rationalistic

Rationalistic

Group IR

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

8. Immigration
9. “Mined” over Matter (Post)

Rationalistic

Informal
Reasoning

Number of
Perspectives
(P/O/P = T)

Argument
Structure

1. The Civil War

Rationalistic

1/4/0 = 5

ACR*

2. A Need for Speed? (Pre)

Rationalistic

1/1/0 = 2

AC*

3. A Need for Speed? (Post)

Rationalistic

1/2/0 = 3

AC*

4. Fort Laramie Treaty (1868)

Rationalistic

1/1/0 = 2

ACR*

5. Roller Coaster Ban (Pre)

Rationalistic

1/3/0 = 4

ACR

6. Roller Coaster Ban (Post)

Rationalistic

1/2/0 = 3

AC*

7. “Mined” over Matter (Pre)

Rationalistic

1/3/0 = 4

ACR*

8. Immigration

Rationalistic

1/1/0 = 2

ACR

9. “Mined” over Matter (Post)

Rationalistic

1/2/0 = 3

ACR

Emotive


 
 

Intuitive

Group EI = Emotive & Intuitive
Group ER = Emotive & Rationalistic
Group IR = Intuitive & Rationalistic
Group EIR= Emotive, Intuitive & Rationalistic

Informal Reasoning Framework. Note. From “Patterns of Informal Reasoning in the Context of
Socioscientific Decision Making” by T. D. Sadler & D.L. Zeidler, 2005, In Journal of Research
in Science Teaching, Volume 42, Issue 1, p. 121. Wiley Periodicals Inc. Copyright 2004.
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Student 11
Informal Reasoning Summary
Units

Question 1

Question 2

Question 3

Question 4

Overall

1. The Civil War

Intuitive

Incomplete

Incomplete

Incomplete

Incomplete

2. A Need for Speed? (Pre)

Emotive

Emotive

Intuitive

Intuitive

Group EI

3. A Need for Speed? (Post)

Intuitive

Incomplete

Intuitive

Intuitive

Intuitive

4. Fort Laramie Treaty (1868)

Intuitive

Emotive

Incomplete

Intuitive

Intuitive

5. Roller Coaster Ban (Pre)

Rationalistic

Intuitive

Emotive

Incomplete

Group EIR

6. Roller Coaster Ban (Post)

Rationalistic

Intuitive

Incomplete

Rationalistic

Rationalistic

7. “Mined” over Matter (Pre)

Rationalistic

Emotive

Intuitive

Incomplete

Group EIR

Emotive

Rationalistic

Rationalistic

Intuitive

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

8. Immigration
9. “Mined” over Matter
(Post)

Informal
Reasoning

Number of
Perspectives
(P/O/P = T)

Argument
Structure

Incomplete

1/2/0 = 3

A

2. A Need for Speed? (Pre)

Group EI

1/2/0 = 3

-

3. A Need for Speed? (Post)

Intuitive

1/1/0 = 2

A

4. Fort Laramie Treaty (1868)

Intuitive

1/0/0 = 1

A*

5. Roller Coaster Ban (Pre)

Group EIR

1/1/0 = 2

-

6. Roller Coaster Ban (Post)

Rationalistic

1/1/0 = 2

AC

7. “Mined” over Matter (Pre)

Group EIR

1/1/0 = 2

AC

8. Immigration

Rationalistic

1/1/0 = 2

AC

9. “Mined” over Matter (Post)

Rationalistic

1/2/0 = 3

ACR*

Emotive

Rationalistic



1. The Civil War





Intuitive

Group EI = Emotive & Intuitive
Group ER = Emotive & Rationalistic
Group IR = Intuitive & Rationalistic
Group EIR= Emotive, Intuitive & Rationalistic

Informal Reasoning Framework. Note. From “Patterns of Informal Reasoning in the Context of
Socioscientific Decision Making” by T. D. Sadler & D.L. Zeidler, 2005, In Journal of Research
in Science Teaching, Volume 42, Issue 1, p. 121. Wiley Periodicals Inc. Copyright 2004.
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Student 12
Informal Reasoning Summary
Units

Question 1

Question 2

Question 3

Question 4

Overall

1. The Civil War

Emotive

Intuitive

Emotive

Rationalistic

Emotive

2. A Need for Speed? (Pre)

Group IR

Rationalistic

Rationalistic

Rationalistic

Rationalistic

3. A Need for Speed? (Post)

Emotive

Group ER

Group ER

Rationalistic

Group ER

Rationalistic

Intuitive

Rationalistic

Intuitive

Group IR

4. Fort Laramie Treaty (1868)
5. Roller Coaster Ban (Pre)

Emotive

Intuitive

Rationalistic

Rationalistic

Rationalistic

6. Roller Coaster Ban (Post)

Emotive

Rationalistic

Rationalistic

Rationalistic

Rationalistic

7. “Mined” over Matter (Pre)

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

8. Immigration

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

9. “Mined” over Matter (Post)

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Emotive

Rationalistic

 







Intuitive

1. The Civil War

Informal
Reasoning

Number of
Perspectives
(P/O/P = T)

Argument
Structure

Emotive

1/2/0 = 3

A*

2. A Need for Speed? (Pre)

Rationalistic

1/1/0 = 2

AC

3. A Need for Speed? (Post)

Group ER

1/1/0 = 2

ACR

4. Fort Laramie Treaty (1868)

Group IR

1/0/0 = 1

AC*

5. Roller Coaster Ban (Pre)

Rationalistic

1/0/0 = 1

ACR

6. Roller Coaster Ban (Post)

Rationalistic

1/1/0 = 2

ACR

7. “Mined” over Matter (Pre)

Rationalistic

1/1/0 = 2

AC*

8. Immigration

Rationalistic

1/1/0 = 2

AC*

9. “Mined” over Matter (Post)

Rationalistic

1/1/0 = 2

ACR*

Group EI = Emotive & Intuitive
Group ER = Emotive & Rationalistic
Group IR = Intuitive & Rationalistic
Group EIR= Emotive, Intuitive & Rationalistic

Informal Reasoning Framework. Note. From “Patterns of Informal Reasoning in the Context of
Socioscientific Decision Making” by T. D. Sadler & D.L. Zeidler, 2005, In Journal of Research
in Science Teaching, Volume 42, Issue 1, p. 121. Wiley Periodicals Inc. Copyright 2004.
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Student 13
Informal Reasoning Summary
Units

Question 1

Question 2

Question 3

Question 4

Overall

Rationalistic

Group EI

Intuitive

Rationalistic

Group IR

2. A Need for Speed? (Pre)

Group ER

Rationalistic

Emotive

Rationalistic

Group ER

3. A Need for Speed? (Post)

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

4. Fort Laramie Treaty (1868)

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

5. Roller Coaster Ban (Pre)

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

6. Roller Coaster Ban (Post)

Group IR

Intuitive

Group EI

Rationalistic

Group IR

7. “Mined” over Matter (Pre)

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Group IR

Rationalistic

Group ER

Intuitive

Group IR

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

1. The Civil War

8. Immigration
9. “Mined” over Matter (Post)

 


Informal
Reasoning

Number of
Perspectives
(P/O/P = T)

Argument
Structure

1. The Civil War

Group IR

1/3/0 = 4

A*

2. A Need for Speed? (Pre)

Group ER

1/3/0 = 4

A*

3. A Need for Speed? (Post)

Rationalistic

1/3/0 = 4

ACR*

4. Fort Laramie Treaty (1868)

Rationalistic

1/2/0 = 3

AC*

5. Roller Coaster Ban (Pre)

Rationalistic

1/1/0 = 2

AC

6. Roller Coaster Ban (Post)

Group IR

1/0/0/ = 1

A

7. “Mined” over Matter (Pre)

Rationalistic

1/2/0 = 3

ACR

Group IR

1/1/0 = 2

AC

Rationalistic

1/1/0 = 2

ACR*

Emotive

Rationalistic






8. Immigration

Intuitive

9. “Mined” over Matter (Post)

Group EI = Emotive & Intuitive
Group ER = Emotive & Rationalistic
Group IR = Intuitive & Rationalistic
Group EIR= Emotive, Intuitive & Rationalistic

Informal Reasoning Framework. Note. From “Patterns of Informal Reasoning in the Context of
Socioscientific Decision Making” by T. D. Sadler & D.L. Zeidler, 2005, In Journal of Research
in Science Teaching, Volume 42, Issue 1, p. 121. Wiley Periodicals Inc. Copyright 2004.
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Student 14
Informal Reasoning Summary
Units

Question 1

Question 2

Question 3

Question 4

Overall

Rationalistic

Rationalistic

Intuitive

Rationalistic

Rationalistic

2. A Need for Speed? (Pre)

Intuitive

Rationalistic

Intuitive

Rationalistic

Group IR

3. A Need for Speed? (Post)

Intuitive

Group IR

Group IR

Rationalistic

Group IR

Rationalistic

Intuitive

Emotive

Rationalistic

Rationalistic

1. The Civil War

4. Fort Laramie Treaty (1868)
5. Roller Coaster Ban (Pre)

Intuitive

Intuitive

Intuitive

Rationalistic

Intuitive

6. Roller Coaster Ban (Post)

Rationalistic

Rationalistic

Intuitive

Rationalistic

Rationalistic

7. “Mined” over Matter (Pre)

Rationalistic

Rationalistic

Intuitive

Incomplete

Rationalistic

Emotive

Rationalistic

Emotive

Rationalistic

Group ER

Rationalistic

Rationalistic

Rationalistic

Incomplete

Rationalistic

8. Immigration
9. “Mined” over Matter (Post)

Emotive

Rationalistic


 
 

1. The Civil War





Number of
Perspectives
(P/O/P = T)

Argument
Structure

Rationalistic

1/1/0 = 2

AC

2. A Need for Speed? (Pre)

Group IR

1/2/0 = 3

AC

3. A Need for Speed? (Post)

Group IR

1/2/0 = 3

AC

Rationalistic

1/0/0 = 1

AC*

5. Roller Coaster Ban (Pre)

Intuitive

1/0/0 = 1

A*

6. Roller Coaster Ban (Post)

Rationalistic

1/1/0 = 2

AC*

7. “Mined” over Matter (Pre)

Rationalistic

1/1/0 = 2

AC

Group ER

1/1/0 = 2

ACR*

Rationalistic

1/0/0 = 1

A

4. Fort Laramie Treaty (1868)

8. Immigration

Intuitive

Informal
Reasoning

9. “Mined” over Matter (Post)

Group EI = Emotive & Intuitive
Group ER = Emotive & Rationalistic
Group IR = Intuitive & Rationalistic
Group EIR= Emotive, Intuitive & Rationalistic

Informal Reasoning Framework. Note. From “Patterns of Informal Reasoning in the Context of
Socioscientific Decision Making” by T. D. Sadler & D.L. Zeidler, 2005, In Journal of Research
in Science Teaching, Volume 42, Issue 1, p. 121. Wiley Periodicals Inc. Copyright 2004.
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Student 16
Informal Reasoning Summary
Units

Question 1

Question 2

Question 3

Question 4

Overall

1. The Civil War

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

2. A Need for Speed? (Pre)

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

3. A Need for Speed? (Post)

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

4. Fort Laramie Treaty (1868)

Rationalistic

Rationalistic

Rationalistic

Incomplete

Rationalistic

5. Roller Coaster Ban (Pre)

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

6. Roller Coaster Ban (Post)

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

7. “Mined” over Matter (Pre)

Rationalistic

Rationalistic

Group ER

Rationalistic

Rationalistic

8. Immigration

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

9. “Mined” over Matter (Post)

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Informal
Reasoning

Number of
Perspectives
(P/O/P = T)

Argument
Structure

1. The Civil War

Rationalistic

1/3/0 = 4

ACR*

2. A Need for Speed? (Pre)

Rationalistic

1/2/0 = 3

ACR*

3. A Need for Speed? (Post)

Rationalistic

1/2/0 = 3

ACR*

4. Fort Laramie Treaty (1868)

Rationalistic

1/3/0 = 4

AC*

5. Roller Coaster Ban (Pre)

Rationalistic

1/1/0 = 2

ACR*

6. Roller Coaster Ban (Post)

Rationalistic

1/1/0 = 2

ACR*

7. “Mined” over Matter (Pre)

Rationalistic

1/1/0 = 2

ACR*

8. Immigration

Rationalistic

1/1/0 = 2

ACR*

9. “Mined” over Matter (Post)

Rationalistic

1/1/0 = 2

ACR*

Emotive

 



Intuitive

Group EI = Emotive & Intuitive
Group ER = Emotive & Rationalistic
Group IR = Intuitive & Rationalistic
Group EIR= Emotive, Intuitive & Rationalistic

Informal Reasoning Framework. Note. From “Patterns of Informal Reasoning in the Context of
Socioscientific Decision Making” by T. D. Sadler & D.L. Zeidler, 2005, In Journal of Research
in Science Teaching, Volume 42, Issue 1, p. 121. Wiley Periodicals Inc. Copyright 2004.
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Student 17
Informal Reasoning Summary
Units

Question 1

Question 2

Question 3

Question 4

Overall

Rationalistic

Intuitive

Rationalistic

Intuitive

Group IR

2. A Need for Speed? (Pre)

Group IR

Rationalistic

Intuitive

Intuitive

Group IR

3. A Need for Speed? (Post)

Rationalistic

Intuitive

Rationalistic

Rationalistic

Rationalistic

Emotive

Intuitive

Intuitive

Intuitive

Intuitive

1. The Civil War

4. Fort Laramie Treaty (1868)
5. Roller Coaster Ban (Pre)

Rationalistic

Group IR

Group IR

Rationalistic

Group IR

6. Roller Coaster Ban (Post)

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

7. “Mined” over Matter (Pre)

Rationalistic

Rationalistic

Rationalistic

Group ER

Rationalistic

8. Immigration

Rationalistic

Rationalistic

Emotive

Rationalistic

Rationalistic

9. “Mined” over Matter (Post)

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Informal
Reasoning

Number of
Perspectives
(P/O/P = T)

1. The Civil War

Group IR

1/2/1 = 4

A

2. A Need for Speed? (Pre)

Group IR

1/1/0 = 2

AC

3. A Need for Speed? (Post)

Rationalistic

1/3/0 = 4

AC*

4. Fort Laramie Treaty (1868)

Intuitive

1/1/0 = 2

A

5. Roller Coaster Ban (Pre)

Group IR

1/1/0 = 2

AC

6. Roller Coaster Ban (Post)

Rationalistic

1/1/0 = 2

AC

7. “Mined” over Matter (Pre)

Rationalistic

1/1/0 = 2

AC

8. Immigration

Rationalistic

1/1/0 = 2

AC*

9. “Mined” over Matter (Post)

Rationalistic

1/4/0 = 5

ACR*

Emotive

 






Intuitive

Argument
Structure

Group EI = Emotive & Intuitive
Group ER = Emotive & Rationalistic
Group IR = Intuitive & Rationalistic
Group EIR= Emotive, Intuitive & Rationalistic

Informal Reasoning Framework. Note. From “Patterns of Informal Reasoning in the Context of
Socioscientific Decision Making” by T. D. Sadler & D.L. Zeidler, 2005, In Journal of Research
in Science Teaching, Volume 42, Issue 1, p. 121. Wiley Periodicals Inc. Copyright 2004.
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Student 18
Informal Reasoning Summary
Units

Question 1

Question 2

Question 3

Question 4

Overall

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

2. A Need for Speed? (Pre)

Group ER

Rationalistic

Incomplete

Rationalistic

Rationalistic

3. A Need for Speed? (Post)

Rationalistic

Incomplete

Rationalistic

Group IR

Rationalistic

4. Fort Laramie Treaty (1868)

Group ER

Rationalistic

Rationalistic

Rationalistic

Rationalistic

5. Roller Coaster Ban (Pre)

Group ER

Group ER

Rationalistic

Rationalistic

Group ER

6. Roller Coaster Ban (Post)

Group ER

Rationalistic

Emotive

Rationalistic

Group ER

7. “Mined” over Matter (Pre)

Rationalistic

Group IR

Rationalistic

Rationalistic

Rationalistic

8. Immigration

Rationalistic

Emotive

Rationalistic

Rationalistic

Rationalistic

9. “Mined” over Matter (Post)

Rationalistic

Group IR

Rationalistic

Rationalistic

Rationalistic

1. The Civil War

Rationalistic

 



Informal
Reasoning

Number of
Perspectives
(P/O/P = T)

Argument
Structure

1. The Civil War

Rationalistic

1/4/0 = 5

ACR*

2. A Need for Speed? (Pre)

Rationalistic

1/3/0 = 4

AC

3. A Need for Speed? (Post)

Rationalistic

1/2/0 = 3

AC

4. Fort Laramie Treaty (1868)

Rationalistic

1/2/0 = 3

ACR*

Group ER

1/2/0 = 3

AC*

6. Roller Coaster Ban (Post)

Group ER

1/1/0 = 2

AC*

7. “Mined” over Matter (Pre)

Rationalistic

1/1/0 = 2

AC*

8. Immigration

Rationalistic

1/2/0 = 3

ACR*

9. “Mined” over Matter (Post)

Rationalistic

1/1/0 = 2

ACR*

Emotive

5. Roller Coaster Ban (Pre)

Intuitive

Group EI = Emotive & Intuitive
Group ER = Emotive & Rationalistic
Group IR = Intuitive & Rationalistic
Group EIR= Emotive, Intuitive & Rationalistic

Informal Reasoning Framework. Note. From “Patterns of Informal Reasoning in the Context of
Socioscientific Decision Making” by T. D. Sadler & D.L. Zeidler, 2005, In Journal of Research
in Science Teaching, Volume 42, Issue 1, p. 121. Wiley Periodicals Inc. Copyright 2004.
Reprinted and modified with permission from Wiley Periodicals, Inc.
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Student 19
Informal Reasoning Summary
Units

Question 1

Question 2

Question 3

Question 4

Overall

Rationalistic

Intuitive

Emotive

Rationalistic

Rationalistic

2. A Need for Speed? (Pre)

Intuitive

Rationalistic

Group ER

Rationalistic

Rationalistic

3. A Need for Speed? (Post)

Emotive

Rationalistic

Emotive

Rationalistic

Group ER

Group ER

Group ER

Intuitive

Group ER

Group ER

5. Roller Coaster Ban (Pre)

Emotive

Group IR

Rationalistic

Rationalistic

Rationalistic

6. Roller Coaster Ban (Post)

Group ER

Group IR

Rationalistic

Rationalistic

Rationalistic

7. “Mined” over Matter (Pre)

Rationalistic

Group IR

Intuitive

Rationalistic

Group IR

8. Immigration

Rationalistic

Emotive

Rationalistic

Group IR

Rationalistic

9. “Mined” over Matter (Post)

Rationalistic

Rationalistic

Rationalistic

Group IR

Rationalistic

1. The Civil War

4. Fort Laramie Treaty (1868)




 
 

Informal
Reasoning

Number of
Perspectives
(P/O/P = T)

1. The Civil War

Rationalistic

1/0/0 = 1

A*

2. A Need for Speed? (Pre)

Rationalistic

1/1/0 = 2

AC

3. A Need for Speed? (Post)

Group ER

1/2/0 = 3

ACR

4. Fort Laramie Treaty (1868)

Group ER

1/1/1 = 3

AC*

5. Roller Coaster Ban (Pre)

Rationalistic

1/1/0 = 2

ACR

6. Roller Coaster Ban (Post)

Rationalistic

1/1/0 = 2

ACR

7. “Mined” over Matter (Pre)

Group IR

1/1/0 = 2

AC*

8. Immigration

Rationalistic

1/3/0 = 4

AC*

9. “Mined” over Matter (Post)

Rationalistic

1/1/0 = 2

ACR*

Emotive

Rationalistic



Intuitive

Argument
Structure

Group EI = Emotive & Intuitive
Group ER = Emotive & Rationalistic
Group IR = Intuitive & Rationalistic
Group EIR= Emotive, Intuitive & Rationalistic

Informal Reasoning Framework. Note. From “Patterns of Informal Reasoning in the Context of
Socioscientific Decision Making” by T. D. Sadler & D.L. Zeidler, 2005, In Journal of Research
in Science Teaching, Volume 42, Issue 1, p. 121. Wiley Periodicals Inc. Copyright 2004.
Reprinted and modified with permission from Wiley Periodicals, Inc.
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Student 20
Informal Reasoning Summary
Units

Question 1

Question 2

Question 3

Question 4

Overall

Group ER

Emotive

Emotive

Rationalistic

Group ER

2. A Need for Speed? (Pre)

Rationalistic

Rationalistic

Incomplete

Rationalistic

Rationalistic

3. A Need for Speed? (Post)

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

4. Fort Laramie Treaty (1868)

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

5. Roller Coaster Ban (Pre)

Group ER

Rationalistic

Rationalistic

Group ER

Group ER

6. Roller Coaster Ban (Post)

Rationalistic

Rationalistic

Emotive

Group IR

Rationalistic

7. “Mined” over Matter (Pre)

Rationalistic

Group IR

Intuitive

Group IR

Group IR

Group ER

Group ER

Group IR

Rationalistic

Group ER

Rationalistic

Rationalistic

Rationalistic

Rationalistic

Rationalistic

1. The Civil War

8. Immigration
9. “Mined” over Matter (Post)

Rationalistic 

 



Emotive



Intuitive

1. The Civil War

Informal
Reasoning

Number of
Perspectives
(P/O/P = T)

Argument
Structure

Group ER

1/2/0 = 3

A*

2. A Need for Speed? (Pre)

Rationalistic

1/2/0 = 3

AC*

3. A Need for Speed? (Post)

Rationalistic

1/1/0 = 2

AC*

4. Fort Laramie Treaty (1868)

Rationalistic

1/1/0 = 2

ACR*

5. Roller Coaster Ban (Pre)

Group ER

1/1/0 = 2

AC*

6. Roller Coaster Ban (Post)

Rationalistic

1/2/0 = 3

AC*

7. “Mined” over Matter (Pre)

Group IR

1/1/0 = 2

AC*

8. Immigration

Group ER

1/1/0 = 2

AC*

Rationalistic

1/3/0 = 3

ACR*

9. “Mined” over Matter (Post)

Group EI = Emotive & Intuitive
Group ER = Emotive & Rationalistic
Group IR = Intuitive & Rationalistic
Group EIR= Emotive, Intuitive & Rationalistic

Informal Reasoning Framework. Note. From “Patterns of Informal Reasoning in the Context of
Socioscientific Decision Making” by T. D. Sadler & D.L. Zeidler, 2005, In Journal of Research
in Science Teaching, Volume 42, Issue 1, p. 121. Wiley Periodicals Inc. Copyright 2004.
Reprinted and modified with permission from Wiley Periodicals, Inc.
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Student 21
Informal Reasoning Summary
Units

Question 1

Question 2

Question 3

Question 4

Overall

1. The Civil War

Incomplete

Rationalistic

Intuitive

Intuitive

Intuitive

2. A Need for Speed? (Pre)

Rationalistic

Intuitive

Intuitive

Rationalistic

Group IR

3. A Need for Speed? (Post)

Group ER

Emotive

Group IR

Group IR

Group EIR

4. Fort Laramie Treaty (1868)

Group ER

Rationalistic

Group ER

Rationalistic

Group ER

5. Roller Coaster Ban (Pre)

Rationalistic

Group EI

Intuitive

Intuitive

Intuitive

6. Roller Coaster Ban (Post)

Group ER

Intuitive

Intuitive

Group IR

Group IR

7. “Mined” over Matter (Pre)

Rationalistic

Rationalistic

Group ER

Rationalistic

Rationalistic

Group EIR

Rationalistic

Rationalistic

Emotive

Group ER

Rationalistic

Group IR

Rationalistic

Rationalistic

Rationalistic

8. Immigration
9. “Mined” over Matter (Post)

Rationalistic









Informal
Reasoning

Number of
Perspectives
(P/O/P = T)

Argument
Structure

1. The Civil War

Intuitive

1/0/0 = 1

AC*

2. A Need for Speed? (Pre)

Group IR

1/1/0 = 2

A*

3. A Need for Speed? (Post)

Group EIR

1/3/0 = 4

AC

4. Fort Laramie Treaty (1868)

Group ER

1/2/0 = 3

A*

Intuitive

1/2/0 = 3

AC

6. Roller Coaster Ban (Post)

Group IR

1/0/0/ = 1

AC

7. “Mined” over Matter (Pre)

Rationalistic

1/1/0 = 2

ACR

Group ER

1/2/0 = 3

ACR*

Rationalistic

1/1/0 = 2

AC*

Emotive



5. Roller Coaster Ban (Pre)


Intuitive

8. Immigration
9. “Mined” over Matter (Post)

Group EI = Emotive & Intuitive
Group ER = Emotive & Rationalistic
Group IR = Intuitive & Rationalistic
Group EIR= Emotive, Intuitive & Rationalistic

Informal Reasoning Framework. Note. From “Patterns of Informal Reasoning in the Context of
Socioscientific Decision Making” by T. D. Sadler & D.L. Zeidler, 2005, In Journal of Research
in Science Teaching, Volume 42, Issue 1, p. 121. Wiley Periodicals Inc. Copyright 2004.
Reprinted and modified with permission from Wiley Periodicals, Inc.
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Student 22
Informal Reasoning Summary
Units
1. The Civil War

Question 1

Question 2

Question 3

Question 4

Overall

Rationalistic

Rationalistic

Emotive

Intuitive

Rationalistic

2. A Need for Speed? (Pre)

Emotive

Group EI

Incomplete

Group ER

Emotive

3. A Need for Speed? (Post)

Intuitive

Rationalistic

Incomplete

Intuitive

Intuitive

Group ER

Rationalistic

Intuitive

Rationalistic

Rationalistic

4. Fort Laramie Treaty (1868)
5. Roller Coaster Ban (Pre)

Group ER

Group IR

Intuitive

Intuitive

Group IR

6. Roller Coaster Ban (Post)

Rationalistic

Group ER

Incomplete

Intuitive

Rationalistic

7. “Mined” over Matter (Pre)

Rationalistic

Group ER

Rationalistic

Rationalistic

Rationalistic

8. Immigration

Rationalistic

Group ER

Group ER

Group IR

Group ER

9. “Mined” over Matter (Post)

Rationalistic

Rationalistic

Emotive

Group IR

Rationalistic

Rationalistic






Emotive




1. The Civil War

Number of
Perspectives
(P/O/P = T)

Argument
Structure

Rationalistic

3

AC

2. A Need for Speed? (Pre)

Emotive

3

AC*

3. A Need for Speed? (Post)

Intuitive

2

AC*

Rationalistic

3

AC*

Group IR

3

ACR

6. Roller Coaster Ban (Post)

Group ER

2

A

7. “Mined” over Matter (Pre)

Rationalistic

4

ACR

Group ER

3

AC

Rationalistic

2

A*

4. Fort Laramie Treaty (1868)
5. Roller Coaster Ban (Pre)


Intuitive

Informal
Reasoning

8. Immigration
9. “Mined” over Matter (Post)

Group EI = Emotive & Intuitive
Group ER = Emotive & Rationalistic
Group IR = Intuitive & Rationalistic
Group EIR= Emotive, Intuitive & Rationalistic

Informal Reasoning Framework. Note. From “Patterns of Informal Reasoning in the Context of
Socioscientific Decision Making” by T. D. Sadler & D.L. Zeidler, 2005, In Journal of Research
in Science Teaching, Volume 42, Issue 1, p. 121. Wiley Periodicals Inc. Copyright 2004.
Reprinted and modified with permission from Wiley Periodicals, Inc.
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Appendix C: University of South Florida IRB Letter of Approval

10/8/2019
Thomas Dolan
Teaching and Learning
17710 Daisy Farm Dr. Lutz, FL 33559
RE: Expedited Approval for Initial Review
IRB#: Pro00041614
Title: The Effects of Socioscientific Issues on Informal Reasoning and the Transference to
Controversial Issues in a Social Studies Context

Study Approval Period: 10/6/2019
Dear Mr. Dolan:
On 10/6/2019, the Institutional Review Board (IRB) reviewed and APPROVED the above
application and all documents contained within, including those outlined below. Please
note this study is approved under the 2018 version of 45 CFR 46 and you will be
asked to confirm ongoing research annually in place of a full Continuing Review.
Amendments and Reportable Events must still be submitted per USF HRPP policy.
Approved
Item(s): Protocol
Document(s):
IRB Study Protocol Version 4 October 1, 2019.docx
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Consent/Assent Document(s)*:
Child Assent Form (English).docx.pdf
Parental Permission for Research (English).docx.pdf

*Please use only the official IRB stamped informed consent/assent document(s) found under
the "Attachments" tab. Please note, these consent/assent documents are valid until the consent
document is amended and approved.It was the determination of the IRB that your study
qualified for expedited review which includes activities that: (1) present no more than minimal
risk to human subjects, and (2) involve only procedures listed in one or more of the categories
outlined below. The IRB may review research through the expedited review procedure
authorized by 45 CFR 46.110 and 21 CFR
56.110. The research proposed in this study is categorized under the following expedited
review category:
(6) Collection of data from voice, video, digital, or image recordings made for research
purposes.
(7) Research on individual or group characteristics or behavior (including, but not limited
to, research on perception, cognition, motivation, identity, language, communication, cultural
beliefs or practices, and social behavior) or research employing survey, interview, oral
history, focus group, program evaluation, human factors evaluation, or quality assurance
methodologies.
Research Involving Children as Subjects: 45 CFR 46.404
This research involving children as participants was approved under 45 CFR 46.404:
Research not involving greater than minimal risk to children is presented.
Requirements for Assent and/or Permission by Parents or Guardians: 45 CFR 46.408
Permission of one parent is sufficient. Assent is required of all children.
As the principal investigator of this study, it is your responsibility to conduct this study in
accordance with IRB policies and procedures and as approved by the IRB. Any changes to
the approved research must be submitted to the IRB via an Amendment for review and
approval. Additionally, all unanticipated problems must be reported to the USF IRB within
five (5) business days.

We appreciate your dedication to the ethical conduct of human subjects research at the
University of South Florida and your continued commitment to human research protections.
If you have any questions regarding this matter, please call 813-974-5638.
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Sincerely,

Kristen Salomon, Ph.D.,
Chairperson USF Institutional
Review Board
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Appendix D: University of South Florida Parent Informed Consent Form

Parental Permission for a Child to Participate in Research
Information for parents to consider before allowing your child to take part in this research study
Title: The Effects of Socioscientific Issues on Informal Reasoning and the Transference to

Controversial Issues in a Social Studies Context
Pro # 00041614

Overview: We are asking you to allow your child to take part in a research study. The
following information is being presented to help you and your child decide whether or not your
child should participate in a research study. The sections in this Overview provide the basic
information about the study. More detailed information is provided in the remainder of the
document. When we use the term “you” in this document, we are referring to your child.
Study Staff: This study is being led by Thomas Dolan who is a doctoral candidate at/in the
University of South Florida. This person is called the Principal Investigator. He is being
guided in this research by Dana Zeidler, Ph. D. Other approved research staff may also act
on behalf of the Principal Investigator.
Study Details: This study is being conducted at Pride Elementary School and is supported
by Amy Zilbar, Principal. The purpose of the study is to determine if socioscientific issues
(SSI) affects the informal reasoning skills of elementary students. Students will participate in
SSI during their science class. The principal investigator will measure informal reasoning
skills before and after each SSI. He will also measure informal reasoning skills about social
studies topics presented during independent reading time in their language arts classroom.
Information from both classrooms will be compared and analyzed.
Participants: You are being asked to take part in this research study because you are a
student in Mr. Dolan’s science class at Pride Elementary School. This research is being
conducted as part of Mr. Dolan’s doctoral requirements to earn a Philosophical Doctorate
(Ph.D.) at the University of South Florida.
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Voluntary Participation: Your participation is voluntary. You do not have to participate
and may stop your participation at any time. There will be no penalties or loss of benefits or
opportunities if you do not participate or decide to stop once you start. Your decision to
participate or not to participate will not affect your course grade or future recommendations.
Benefits, Compensation, and Risk: We do not know if you will receive any benefit from
your participation. You will not be compensated for your participation. This research is
considered minimal risk. Minimal risk means that study risks are the same as the risks you
face in daily life.
Confidentiality: Even if we publish the findings from this study, we will keep your study
information private and confidential. Anyone with the authority to look at your records must
also keep them confidential.

Study Procedures:
During the study, participants will read and discuss articles about controversial issues (that are
age and developmentally appropriate). They will also do additional research to learn more about
each topic. Students will then participate in a debate with their peers and work to develop
solutions or compromises. Each debate will be recorded to help the principal investigator. These
activities are considered part of the traditional gifted science curriculum and are not
considered “research activities”.
Participants will fill out research questionnaires before and after each SSI. Some students may be
interviewed and audio recorded for more information. Research staff members will be the only
individuals with access to these recordings. The purpose of the recordings is to accurately
capture participant responses.
Participants will also read articles about social studies topics during their language arts class with
Mrs. Fassel, Mrs. Session or Mrs. Simpson. They will then fill out a short questionnaire. These
questionnaires will be compared to the ones collected in science class. All questionnaires and
recordings will be stored on a password secured computer with encrypted files for a maximum of
ten years.

Total Number of Participants
About 24 individuals will take part in this study.

Alternatives / Voluntary Participation / Withdrawal
You do not have to participate in this research study.
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You should only take part in this study if you want to volunteer. You should not feel that there is
any pressure to take part in the study. You are free to participate in this research or withdraw at
any time. There will be no penalty, loss of benefits or negative affects to your grade if you stop
taking part in this study.

Benefits
We are unsure if you will receive any benefits by taking part in this research study.

Risks or Discomfort
This research is considered to be minimal risk. That means that the risks associated with this
study are the same as what you face every day. There are no known additional risks to those who
take part in this study.

Compensation
You will not receive payment or other compensation for taking part in this study.

Costs
I
t will not cost you anything to take part in the study.

Video Taping
The PI will video tape class debates and semi-formal interviews (if students require
accommodations). Only the principal investigator will see these tapes and they will be destroyed
after five years.

Privacy and Confidentiality
We will do our best to keep your records private and confidential. We cannot guarantee absolute
confidentiality. Your personal information may be disclosed if required by law. Certain people
may need to see your study records. These individuals include:
 The research team, including the Principal Investigator, study coordinator, and all
other research staff.
 Certain government and university people who need to know more about the study.
For example, individuals who provide oversight on this study may need to look at
your records. This is done to make sure that we are doing the study in the right way.
They also need to make sure that we are protecting your rights and your safety.
 Any agency of the federal, state, or local government that regulates this research. This
includes Florida Department of Children and Families (DCF), the Florida Department
of Health (DOH), the Department of Health and Human Services (DHHS), and the
Office for Human Research Protection (OHRP).
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The USF Institutional Review Board (IRB) and its related staff who have oversight
responsibilities for this study, and staff in USF Research Integrity and Compliance.

We may publish what we learn from this study. If we do, we will not include your name. We will
not publish anything that would let people know who you are.
Your information or samples collected as part of the research, even if identifiers are removed,
will NOT be used or distributed for future research studies.

What if new information becomes available about the study?
During the course of this study, we may find more information that could be important to you.
This includes information that, once learned, might cause you to change your mind about being
in this study. We will notify you as soon as possible if such information becomes available.

You can get the answers to your questions, concerns, or complaints.
If you have any questions, concerns or complaints about this study, call Thomas Dolan at
(813) 334-8259.
If you have questions about your rights, or have complaints, concerns or issues you want to
discuss with someone outside the research, call the USF IRB at (813) 974-5638 or contact by
email at RSCH-IRB@usf.edu.
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Consent for My Child to Participate in this Research Study and Authorization
to Collect, Use and Share Information for Research
I freely give my permission to let my child take part in this study. I understand that by signing
this form I am agreeing to let my child take part in research. I have received a signed copy of this
form to take with me.
________________________________________________
Signature of Parent of Child Taking Part in Study

__________________
Date

________________________________________________
Printed Name of Parent of Child Taking Part in Study
_____________________________________
Printed Name of the Child Taking Part in Study

Statement of Person Obtaining Informed Consent and Research
Authorization
I have carefully explained to the person taking part in the study what he or she can expect from
their participation. I confirm that this research participant speaks the language that was used to
explain this research and is receiving an informed consent form in their primary language. This
research participant has provided legally effective informed consent.

_______________________________________________
Signature of Person Obtaining Informed Consent

_______________________________________________
Printed Name of Person Obtaining Informed Consent
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__________________
Date

Appendix E: University of South Florida Student Assent Form

Assent of Children to Participate in Research
Pro # 00041614

Why am I being asked to take part in this research?
You are being asked to take part in a research study about the effects of controversial issues on
informal reasoning skills and perspective taking. You are being asked to take part in this research
study because you are a student in Mr. Dolan’s class. If you take part in this study, you will be
one of about 24 people at this school.

Who is doing this study?
The person in charge of this study is Mr. Thomas Dolan. He is being guided in this research by
Dr. Dana Zeidler. However, other research staff may be involved and can act on behalf of the
person in charge.

What is the purpose of this study?
By doing this study, we hope to learn if/how socioscientific issues (SSI) affects informal reasoning
skills in elementary students.

Where is the study going to take place and how long will it last?
The study will be take place at Pride Elementary School. You will be asked to participate in 5
different units involving controversial issues which will take about 1 week to administer. The
total amount of time you will be asked to volunteer for this study is approximately 5 months
(October 2019 - February 2020).
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What will you be asked to do?





Attend classes and participate in five SSI units in science
Read articles about each controversial issue and do additional research on each topic
Participate in debates regarding the controversial issues
Complete questionnaires that are designed to evaluate your informal reasoning skills
before and after each controversial issue

Attending class, reading articles, performing additional research and participating in
classroom SSI debates is part of normal science course. If you do not wish to participate in
these activities, please have your parents write a note to the teacher requesting an
alternative assignment.

What things might happen if you participate?
To the best of our knowledge, your participation in this study will not harm you.
Although we have made every effort to try and make sure this doesn’t happen, you may find some
questions we ask or topics we discuss may upset you. If so, we will tell you and your parents or
guardian about other people who may be able to help you with these feelings.
In addition to the things that we have already talked about, listed above, you may experience
something uncomfortable that we do not know about at this time.

Is there benefit to me for participating?
We cannot promise that you will receive benefit from taking part in this research study. However,
some people have experienced an increased awareness of other people and the environment, and
shown significantly improved skills in argumentation when faced with controversial problems in
middle and high school classes.

Do I have to take part in this study?
You should talk with your parents or guardian and others about taking part in this research study.
If you do not want to take part in the study, that is your decision. You should take part in this study
because you want to volunteer. If you choose to not participate in this study, your grade will
not go down.

Will I receive any compensation for taking part in this study?
You will not receive any compensation for taking part in this study.
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Who will see the information about me?
Your information will be added to the information from other people taking part in the study so
no one will know who you are. Information collected about you may be used in publications,
however your name and identifying information will not be used to protect your privacy.

Can I change my mind and quit?
If you decide to take part in the study you still have the right to change your mind later and there is
no penalty for stopping in the middle of the study. No one will think badly of you if you decide to
stop participating. Also, the people who are running this study may need for you to stop. If this
happens, they will tell you when to stop and why.

Video Taping
The PI will video tape class debates and semi-formal interviews to help improve the study’s
accuracy. Only the principal investigator will see these tapes and they will be destroyed after five
years.

What if I have questions?
You can ask questions about this study at any time. You can talk with your parents, guardian or
other adults about this study. You can talk with the person who is asking you to volunteer by
calling Mr. Dolan @ (813) 334-8259. If you think of other questions later, you can ask them. If
you have questions about your rights as a research participant you can also call the USF IRB at
(813) 974-5638 or contact by email at RSCH-IRB@usf.edu.

Assent to Participate
I understand what the person conducting this study is asking me to do. I have thought about this
and agree to take part in this study. I have been given a copy of this form.

__________________________________________
Name of person agreeing to take part in the study

_________________
Date

Signature of child agreeing to take part in the study: ______________________________

__________________________________________
Printed name & Signature of person providing
Information (assent) to subject
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_________________
Date

Appendix F: Socioscientific Issues Questionnaires

Name: ____________________________
Directions: Answer the following questions. If you need more space, please write on the
back of this paper and write the number of the question you are answering.
1. Should speed limits be lowered to reduce bicycle fatalities? Explain why or why not.
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
2. Is there a reason why someone would disagree with your ideas? Explain why.
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
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3. What are some arguments that someone could make against your position?
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
4. How would you respond to these challenges?
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
5. Can you think of a compromise that would be acceptable to more people? Explain your
answer.
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
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Name: ____________________________
Directions: Answer the following questions. If you need more space, please write on the
back of this paper and write the number of the question you are answering.
1. Should theme parks ban children under 16 years of age from riding roller coasters?
Explain why or why not.
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
2. Is there a reason why someone would disagree with your ideas? Explain why.
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
3. What are some arguments that someone could make against your position?
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
4. How would you respond to these challenges?
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
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5. Can you think of a compromise that would be acceptable to more groups? Explain your
answer.
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
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Name: ____________________________
Directions: Answer the following questions. If you need more space, please write on the
back of this paper and write the number of the question you are answering.
1. Should the United States begin to mine Rare Earth Elements? Explain why or why not.
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
2. Is there a reason why someone would disagree with your ideas? Explain why.
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
3. What are some arguments that someone could make against your position?
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
4. How would you respond to these challenges?
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
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5. Can you think of a compromise that would be acceptable to more people? Explain your
answer.
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
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Appendix G: Social Studies Context Issues Questionnaires
Civil War
Should the Union have allowed the Confederate States to secede in order to prevent
the Civil War? Explain your answer.

Can you think of a reason why someone may not agree with your position?
Explain your answer.
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If someone confronted you with this reason, what would you say in response?
How would you defend your position?

Do you think anything could have been done to prevent the Civil War? Explain
your answer.
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Fort Laramie Treaty (1868)
Should the United States be required to return the Black Hills to the Sioux
Nation and pay for the gold removed? Explain your answer.

Can you think of a reason why someone may not agree with your position?
Explain your answer.
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If someone confronted you with this reason, what would you say in response?
How would you defend your position?

Do you think anything can be done to settle the dispute between the Sioux
Nation and the United States? Explain your answer.
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Immigration
Should the United States allow ALL immigrants to come to America? Explain your
answer.

Can you think of a reason why someone may not agree with your position? Explain
your answer.
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If someone confronted you with this reason, what would you say in response? How
would you defend your position?

Can you think of a solution to the immigration situation currently going on in the
United States? Explain your answer.
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Appendix H: Codebook

Final Codebook
Informal Reasoning
Incomplete (No Answer, Fallacious Reasoning, Reasoning Error, etc.)
Emotive
Intuitive
Rationalistic

Perspectives
Position
Orientations
Perspectives

Argumentation Structure
Argument
Counterargument
Rebuttal
Compromise/Solution
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